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1. The Blue print is prepared according to the ‘Model Question Paper’ issued by B.LE. 


2. Please, note that, at times, 


the public question paper gets slight deviation from the above 
given Blue Print. ` 


01. 


Ans: 


Explain the formation of stationary waves in stretched strings and hence deduce the laws of 
transverse waves in stretched strings ? TS May 16, 18, Mar 19; AP May 16, 18 
Stationary wave: When two progressive waves of same amplitude and frequency travelling 
along the same straight line in opposite direction superimpose, a stationary wave is formed. 
Formation of stationary wave: A string is fixed between two rigid supports. 


It is excited perpendicular to its length to generate transverse waves which travel in opposité 
directions from point of excitation. 


These transverse waves get reflected at rigid supports and overlap on each other to produce 
stationary waves. 


Due to superposition of the waves amplitude of the waves is modified to form nodes and 
antinodes. The amplitude of the resultant. wave depends on phase. 


Theory: Let, Y,=asin(kx—ot) and Y, =asin(kx+t) be the displacements of the particle of 
the string due to incident and reflected waves from rigid supports. According to the principle 
of superposition, the resultant displacement is Y = Y, + Y,. 


=> Y =asin(kx- ot) +asin(kx + ot) 
=a[sin(kx - ot) + sin(kx + ot)] 


= Y -a[2sinkxcosot] ` 
From sin(A -B)- sin(A +B) =2sinAcosB )= Y = 2asinkxcosat. 


The resultant displacement will be periodic in space with an amplitude, A=2asinkx. 


A 20 3X A 3A 5A 
= —. tXx-2——,—,.. 
272'2 nodes are formed and at x 74! 4 
Consider a string of length ‘p’ stretched between two rigid supports P and Q. When the string 
is plucked, perpendicular to its length a transverse wave is generated which travels with a 


antinodes are formed. 


At position x =0, 


velocity of v = JT /p , where 'T' is tension in the string and ‘p’ is linear density of the string. If 
the string vibrates in fundamental mode such that two successive nodes are formed at P and Q. 


a . 
SPQ=F lak Ac P a Q 
yh 
But frequency, n=% — (0 
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1 
Put v= E and à = 2¢ in eq.(1); we get, 75; 
u 


From above equation, laws of transverse vibration in string are obtained. 


Ilaw: The fundamental frequency of a vibrating string is inversely proportional to the length of 
the string, when tension in the string and linear density are kept constant. 


^ne 1 — nt =k, where T, p remains constant. 


£ 1 
Il law: The fundamental frequency of a vibrating string is directly proportional to the square 
root of the tension, when length of string and linear density are constant. 


noe JT = peak, where '£' and ‘p’ remains constant. 
T 
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i uare 
IN law: The fundamental frequency of a vibrating string is inversely proportional to the sq 
root of linear density of the string when length and tension are kept constant. 


one T = ndi =k, where ‘¢’ and ‘T’ remains constant, 
u ; 
02. Explain the formation of stationary waves in an air column enclosed in open pipe. Derive 
the equations for the frequencies of the harmonics produced. 
TS May 17, Mar 16, 20; AP Mar 16, 17, 18, May 14, 17 
; Ans: Harmonics: The frequencies which are integral multiples of fundamental frequency are ‘Harmonics’. 
Overtones: The frequencies higher than the fundamental frequency are known as ‘Overtones’. 
1) An organ pipe is a cylindrical tube having an air column. If both ends of the tube are open, 
it is known as an open pipe. 
2) When a compressional wave (sound wave) is sent through an organ pipe, the wave gets 
reflected at the ends of the Pipe. 
3) These incident and reflected waves which are of the same frequency, travelling in the opposite 
directions superpose along the length of the pipe and form longitudinal stationary waves. 
4) At the open end, where the Particles of the medium are free to vibrate, always an antinode is 
formed. Here the two waves will be in phase and the particles will have maximum displacement. 
Harmonics in open pipes: : j 
1) The first harmonic or the fundamental frequency should atleast have an antinode at each 
end, with a node included between them. Therefore, the vibrating length (7) of air column 
is equal to half the wavelength. i.e., £2X/22521221. 


Fundamental frequency n, us He o 


a 
<— l =} ———> 
t=3 


v 
where 'v' is the speed of sound in air. n, ^7» —— (l) 
2) The second harmonic or the first overtone will have two nodes and three antinodes. If Ay is 
f 2 AX First overtone 
the corresponding wavelength, / cm >ł= 2*7 E 
" v 2v 
The corresponding frequency, n, - x EET =2n, (2) 
3) Similarly, the third harmonic or second overtone will have three nodes and four antinodes 
as shown in the figure and if ‘1’ is the wavelength, Second overtone 
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M i 
The frequency of the second overtone, n; BS 3n, — (3) —-———— (=2- » 


It can be observed that in the case of an organ pipe open at both ends all the harmonics can 
be formed. The frequencies of the higher harmonics can also be derived in the same way. 
Conclusion: n, :n, :n,....21:2:3..... 
03. How are the stationary waves formed in a closed pipe ? Explain the various modes of 
vibrations in a closed pipe and establish the relation between their frequencies, 
TS Mar 15, 19, May 15; AP Mar 15, June 15, May 16, 17 
Ans: 1) An organ pipe is a cylindrical tube having an air column. If one end is closed and the other 
is open, it is known as a closed organ pipe. 

2) When a compressional wave (sound wave) is sent through an organ pipe, the way 
reflected at the ends of the pipe. These incident and reflected waves which are of t 
frequency, travelling in the opposite directions are superimposed along the lengt 
pipe and form longitudinal stationary waves. 

3) At the open end, where the Particles of the medium are free to vibrate, always an an 
formed. Here the two waves will be in phase and the particles will have Maximum disp] 
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4) When reflection takes place at the closed end, the two waves will be in opposite phase and 


hence the superposition of the waves gives zero displacement to the particles. Therefore, 
always a node is formed at the closed end. - 


Harmonics in closed pipes: 


1) The first of the harmonics in a closed pipe should have a node at the 
closed end and an antinode at the open end, the length of the pip 


e Fundamental frequency 
(4) vibrating in one fourth of the wavelength. i.e., £= he =>rA=40. 


<— (= —- 
The fundamental frequency, n, ZEN A as ( 4 
2) The next possible harmonic with two nodes and two antinodes is the third harmonic, the 


th 


3 
4 of the wavelength (à) i.e., £= 


length of the pipe becomes equal to 3 z, where ‘),’ is the 


wavelength of the third harmonic A= K 


First overtone 


hn de 
The fi f the third h: i i i 
e frequency o! ird harmonic or first overtone is given by, A «X 
v 3v <— (2 3. —) 
=— =—=3n, 4 
ns X A i (2) 
3) Similarly, 


the next overtone in the closed pipe is only-the fifth harmonic. It will have three 
nodes and three antinodes between the closed end and the open end of the pipe. 


The length ‘¢’ of the pipe adjusts itself to : of the wavelength (A) i.e., nen 


4 "m E M 
and the frequency of this second overtone is given by n; = 


- Second overtone 
ME e e 
AYN q 
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The frequencies of the higher harmonics can be derived in the same way. 


It can be observed that in the case of closed organ pipes only odd harmonics are possible. 


Conclusion: n, :n,:n,...71:3:5:- 


04, What are beats ? Obt 


ain an expression for the beat frequency. Where and how are beats 
made use of ? 


The phenomenon in which two sound waves of nearly equal frequencies travelling along the 
same direction superimpose on each other, the intesity of the resultant wave at the given point 
in the medium becomes maximum (waxing) and minimum (waning) periodically is called beats. 
Let the displacement equtions of two waves haivng 


frequencies c, and c, be y, 2 asine,t and 
y, =asino,t. 


From superposition principle y =y, * Y; resultant displacement 


y =asina,t+asino,t = a(sinoyt + sinw,t) 


Sy = axreos Sie sin tee + [sina sing 2s A22 2 
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2 
SNR CREDE 
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E. 'e. 
Here, Ax =2acos (ox 2x is called resultant amplitude of beat wav 


Resultant amplitude on intensity is maximum when 


(@,-o, Jt 
Cosc— 22^. 
os 3 


=+l=cosNr [^N-0,2,3,.....] 


2n(n, - nj)t a 


2 Na=>t= 


-n, 


i 1 
But reciprocal of time interval is called Beat frequency n= at =n=n,-n,- 


Importance of Beats; 
1) Beats are used in detecting dangerous gases in mines. 
2) Beats are used to produce special effects in cinematography. 


What is Doppler Effect ? Obtain an expression for the apparent frequency of sound heard 
when the source is in motion with respect to an observer at rest. 


Let 'O' be the Position of observer who is at rest (v, 20). 
Let at a time t - 0, the source 'S' is at a position S,. Let v, be the velocity of source, 


Let ‘v’ be the velocity of sound wave and T, be its time period. 


Let initially the distance between the Source and observer is ‘L’ and emits a crest at point S,. 
L : 
Let t, be the time taken by the first crest to reach the Observer, .. t "E : 


At time t=T, the source has moved a distance of v,T, and is at point S,, located at a distance 
(L+v,T,) from the observer. 


At S,, the source emits a second crest. Let t, be the time taken by the second crest to reach 


the observer, “hats (Lv m): 
v 


Similarly, at a time t =nT,, the source emits (n D" crest. It reaches the observer in a time 
(L*nv,T) 
7 i 
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«The time interval between the arrival of the first crest and (n+1)" crest is 


: b 
t,;7t; =nT, 4 Gravy) L snm ien. 
v v v 


Therefore, the observer receives ‘n’ crests and the observer records the period of the wave as 
q- BL eC, /v)] Ten (i. 
OE v 


" -1 
M 
“In terms of frequency, we have v =N («2 M 


By using binomial expansion and by neglecting higher powers, the above equation can be 
V, 
approximated as v= »(i-3) — (1) 


Here, v « v, that is apparent frequency is less than original frequency. 


For a source approaching the observer, we replace v, by -v,. 


Therefore, we get v= «(i +4) — (2) 


Here, v» v, that is apparent frequency is greater than original frequency. 


What ís Doppler shift ? Obtain an expression for the apparent frequency of sound heard 
when the observer is in motion with respect to a source at rest. AP June 15 


Doppler shift: The difference between apparent frequency heard by the observer and actual 
frequency produced by the source is called Doppler shift. 


Expression for the apparent frequency of sound heard when the observe is in motion with 
respect to a source at rest: I 


Let S be the position of source which is at rest (v, 20). 
Let 'v' be the velocity of sound wave and T, be its time period. 
Let 'O' be the observer located at O, at a time t - 0. 


Let v, bethe velocity of the observer. 


As shown in figure, let initially the distance between the source and observer is ‘L’. 
BOR ; 
Vol [2 
EN S 


Let the observer is having a detector which detects every time when a wave crest reaches the observer. 


At t=0, if the source emits the first crest, then the time taken by the first crest to reach the 


Observer is t,.= " 
V4 Vo 


Att- T, , the observer is at position O, by covering a distance (v, T;) . Now, if the source emits 


the second crest, the time-taken by the second crest to reach the observer'is t, = T, QE why i 
5 VV, 


-Ce: 
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Sol: 
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i the observer to hear 
Similarly, at time t =nT,, the source emits (n+1)" crest. Time taken by 


(n--1)" crest is t, -nT, ,Lzmwm 
V Ve 


The time interval between arrival of lirst crest and the (n+1)" crest is 


L-nwT, L VoT, L M 
tant =nT, L7 nwT, _ -nT, mM NN 1 
VEV VV, > V+Vy VV, V+V, V+Vy 


The detector detects the time period as T which is given by 


Tere Te) 


vv, 
In terms of frequency we have, v= Vo w y. 


Here, v> Vo that is apparent frequency is greater than original frequency. 


If the observer is moving away. from the stationary source, then we replace v, by ZW. 


V-Vy 
Therefore, we get V-v, gs 
Here, v« v, that is apparent frequency is less than original frequency. 
Il PROBLEMS |l. 


A steel wire 0.72m long has a mass of 5.0x 10? kg. If the wire is under a tension of 60 N, 
what is the speed of transverse waves on the wire ? AP Mar 19; EXAMPLE PROBLEM 


5.0x107 kı 4 
Mass per unit length of the wire, p = M Tu 769x107 kg m", Tension, T= 60N. 


f sud ven y veut SON =93 ms" 
The speed of wave on the wire is given by, v= m 69xl07kgm A 


A stretched wire of length 0.6 m is observed to vibrate with a frequency of 30Hz in the 


` fundamental mode. If the string has a linear mass of 0,05 kg n^, find 


8) the velocity of Propagation of transverse waves in the string, 
b) the tension In the string. TS May 16; AP May 18; SOLVED PROBLEM 


Length of wire, ¢=0.6m; fundamental frequency, n=30Hz, i - 0.05 kg m". 


a) Velocity of propagation of wave in the string, y =nì = n(20) = 30x2x0.6- 36 ms”, 


t T 
b) Tension in the string, V = E >T=vh 


= T - (36)! x0.05 =36x36x0.05 = 64.8 N. 


uc 
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Sol: 


10. 


Sol: 


1l 


Sol: 


12. 


A steel cable of diameter 3cm is kept under a tension of 10 KN. The density of. steel is 
7.8 g cm? . With what speed would transverse waves propagate along the cable ? - 


Diameter of cable, d -3cm, mee T= 10KN, Density of cable, p=7.8 g cm” 


eee Sas 


pe CINA 242.6 ms” 
= = 78x10 x3.140.5) x107 TNT Wm 34. 
A pipe 30.0 cm long is open at both ends. Which harmonic mode of the pipe resonates a 
1.1 kHz source ? Will resonance with the same source be observed if one end of the pipe is 
closed ? Take the speed of sound in air as 330 ms! . TS Mar 15; EXAMPLE PROBLEM 


(open pipe) 


The first harmonic frequency is given by, v, X 
1 


where 'L is the length of the pipe. The frequency of its n" harmonic is v, 7x ,for n=1,2,3.... 
(open pipe). 


1x330 =550Hz, v= 2x330 


For L-30cm, v=330ms", v, = -1100Hz, 


Clearly, for a source of frequency 1.1kHz the air column will resonate at vz, i.e., second 


harmonic. Now, if onẹ end of the pipe is closed, the fundamental frequency is v, = I 


AM CAL 


where n=1,3,5,...... 
v, 2275 Hz; v, =3v, = 825 Hz ;-v, = 5v, =1375 Hz. 
< Hence, with closed end resonance is not possible with the given source. 


A closed organ pipe 70 cm long is sounded. If the velocity of sound is 331 ms"! , what is the 
fundamental frequency of vibration of the air column ? 


Mar 14; AP Mar 17, 18, May 17; TS Mar 19; SOLVED PROBLEM 
Closed organ pipe length, £ - 70 cm, Velocity of sound, v 2331 ms". 


i v 331 
=— == =118.2H:; 
Fundamental frequency, n AL 4x T0x107 82Hz. 
A pipe 30 cm long is open at both ends. Find the fundamental frequency ? Velocity of sound 
. in air is 330 ms! . TS Mar 15,20 
Given length of open pipe £ 230 cm 230x10*m 
v 330 
F == =————_, = 
undamental frequency n757 = 5-35 apa = 550 Hz, 


13. 


Sol: 


A open organ pipe 85 cm long is sounded. If the velocity of sound of 340 ms™', PTS the 
fundamental frequency of vibration of the air column € TS Mar 16, 20 - 
, 


Given length of open pipe / - 85 cm - 0.85 m, V 2340ms^, n=? 


Fundamental f cy n» Y. M0 340 
Era requency eof 2X085 ^ 17 


=> =200Hz. 
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Sol: 


15. 


Sol: 


1 sly. 
Two organ pipes of lengths 65 cm and 70 cm respectively are sounded pesi n m M 
many beats per sécond will be produced between the fundamental none PROBLEM 
pipes ? (Velocity of sound = 330 ms!) T3 Mar20, SOR 


A y i : EI 
Two organ pipes of length, /, - 65cm & £; = 0 cm; Velocity of sound, v= 330 ms” - 


v v i. Y 
N Hes-—-———e2y|-———— 
umber of beats produced per second, An 2. 2n "(a +) 


1 n RH id 3300x100 -1g pz. 


2x65x10? 2x70x107 rs 


=>An= sso = = 
(130x140)x107 ` 18200 


A rocket is moving at a speed of 200 ms"! towards a stationary target. While moving, it emits 
a wave of frequency. 1000 Hz. Some of the sound reaching the target gets reflected back to 
the rocket as an echo, Calculate 

8) the frequency of the sound as detected by the target and 
b) the frequency of the echo as detected by the rocket. AP Mar 16; EXAMPLE PROBLEM 


a) The observer is at rest and the source is moving with a speed of 200 ms^'. Since, this is 
comparable with the velocity of sound, 330 ms". 


Since, the source is approaching a stationary target, v, =0. 


We have, nei, (1-3) = n= 1001-207" 2540 Hz 
e have, o - 3») = : 


b) The target is now the source (because it is the source of echo) and the rocket's detector is 
now the detector or observer (because it detects echo). Thus; v, 20. 


The frequency of the sound emitted by the source (the target) is n', the frequency intercepted 
by the target and not n. Therefore, the frequency as registered by the rocket is 


wan tye = 2540x (2220) soe, 
v 330 


*** THE END*** 
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|| SHORT ANSWER QUESTIONS (4 MARKS) || 
Define focal length of a concave mirror. Prove that the radius of curvature of a concave 
mirror is double its focal length, AP Mar 17, 19, May 16, 18 


Ans: Focal length: The distance between pole and principal focus is called focal length. 


Consider a concave mirror of small aperture with pole, focus and centre of curvature at points 
P, F and C respectively. 


Let a ray OM parallel to principal axis falls on mirror at 'M'. Now the reflected ray MN will pass 
through focus 'F'. Here, CM is normal to the mirror at ‘M’. 


. Let ‘9’ be angle of incidence. MD is perpendicular to principal axis. 


MD' 
From triangle MCP tan0- —— 


cD’ 
when ‘9’ is small tan8 = 0-2 —— (0 
From triangle MFP tan20- 1D, 
when 20 is small tan20= 20 Je ——(Q) 
Put (1) in (2), 2 P.LND, ^2E-R (or) tÈ, 


Define critical angle. Explain total internal refection using a neat diagram. 

8 May 14; AP Mar 15; TS Mar 15, 18, May 17 
Critical angle (C): When light travels from denser medium to rarer medium, the angle of incidence 
for which angle of refraction is 90° is called critical angle. 


Aa 


N 


Rarer medium 


(air) 


Denser medium 
(water) 


When light ray enters from denser medium to a rarer medium, it bends away from normal, if 


the angle of incidence is further increased, the angle of refraction also increases and at i=c, 


the refracted ray grazes the interface (r2 90?) 
EE à * io E) 
From Snell's law p, xsini- pa X sinr =>pxsinc=1xsin90° > HO 
Total internal reflection: When light ray travel from denser medium to rarer medium, the 


angle of incidence in the denser medium is greater than the critical angle, then the light ray 
totally reflected back into the denser medium. This phenomenon is called total internal 


reflection. 


Jg: 
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© RAY OPTICS AND OPTICAL INSTRUMENTS 
TS Mar 19, May 18; AP Mar 16 


Explain the formation of a mirage. 

Mirage: It is an optical illusion observed in desertes (or) on roads on hot summer days. It is 

dué to total internal reflection. 

1) On hot summer days the air near the ground becomes hotter. Hence, it becomes less dense. 
Therefore the refractive index of hot air near the ground decreases. 


b 2) Light ray from a tall object passes through air with decreasing refractive index towards the 


ground. As a result, light bends away from normal ånd undergoes total internal reflection. 
3) So, the angle of incidence near the ground exceeds critical angle. But, to a distant observer 
light appears to come from somewhere below the ground. So, the observer assumes that 
light is reflected from the ground light by a pool of water. 
4) This forms an inverted image of tall object and causes optical illus 
5) This phenomenon is known as mirage. : 
Explain the formation of a rainbow. AP May 15, Mar 15, 20; TS Mar 20 ' 
1) Rainbow is due to dispersion of white sunlight by water drops in atmosphere. 
2) It is due to combined effect of dispersion, refraction and reflection. N 
3) To observe a rainbow one part of the sky should have sunshine and in other part it should) 
be raining. 
4) Rainbow can be seen when looked away from sun on.a rainy dày. 


ions to the observer. 


Sun ligh 
Sun light i 
VR RV " 
Primary Rainbow Secondary Rainbow 


5) As shown in figure when white sunlight enters a spherical rain drop it is refracted. As refracted 
for different wavelength is different the white light is separated into its constituent colours, 


6) As the wavelength of red is longer it is bent by small angle. As the wavelength of violet is shorter it 


is bent by a large angle. The deviation of other colours will take place in between red and violet, 
7) When the component rays fall on inner surface of water drop at angle greater than critical 
angle (48°) it is internally reflected, i à 
8) As the reflected component rays come out they are refracted again increasing the separation, 
This is how a rainbow is formed. 3 
9) When two refractions and one internal reflection take place, a rainbow with red at the to 
and violet at the bottom is formed. It is called primary rainbow. j P 
10) When there are two refractions and two internal reflections a rainbow with violet at the to 
and red at the bottom is formed. It is called secondary rainbow. P 


©- 


© RAY OPTICS AND OPTICAL INSTRUMENTS 
Mar 14; AP June 15; TS May 15, Mar 17 
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—895. Why does the setting sun appear red ? " 
Ans: The reddish appearance of sun is explained by Rayleigh scattering. 


Scattering: When light is incident on small particles it is absorbed by them. This EUR light 
is then sent in all directions. This phenomenon is called scattering. 


| Sun nearly 
1 over head 
x t 


Sun near 


3 zt i 


Rayleigh showed that the amount of scattering is inversely proportional to the fourth power of 


1 : 
wave length, when size of molecule a <<. i.e., intensity of scattered light © ji This is called 


Rayleigh scattering. 


During sunrise or sunset when the sun is at the horizon, the sun rays have.to pass through a 
large distance in.the atmosphere to reach earth, hence suffer maximum scattering. 
\ 


As scattering “oF L , Shorter wavelengths are scattered most, leaving the longer wavelength i.e., 
l ^ red to reach "E eye. Hence, sun appears reddish during sunrise and sunset. 
06. With a neat labelled diagram explain the formation of image in a simple microscope. 
AP Mar & June 15, May 16, Mar 18; TS Mar & May 16 
- Ans: -A simple microscope is converging lens of small focal length. 


Ina simple microscope, object is to be kept at a distance less than or equal to focal length of 
lens and eye is very close to lens. Object placed within the focal plane of the lens forms an 
| erect, magnified and virtual image between object and infinity. (On the same side of object). 


| This position is called near point (D = 25cm). 


Eye focussed 
on near point 


eee qul 


$3 


0J = object 
IG - image 


For relaxed vision, object is kept at F and image is at infinity. The position is called far point. 


When the object is at a distance less than focal length 'f' of the lens, the rays after passing 
through the lens diverge away. When these diverging rays are produced back they meet between 
object and infinity i.e., image is formed between object and infinity (generally at near point) as 
Shown in figure. 


7 
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Ans: 


12. 
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|; PROBLEMS:|| . 
d in contact. Calculate 


Two lenses of power —1.750D and 42.250D respectively, are place LEM 
" VED PROB! 
the focal length of combination ? AP Mar 20; SOLV! 


1 100 
Power, P=—— (or) p= 
i) 99 P= rom) 
PoR +P, --L154225-080D; [eX oim = 35% 100= 200m. 
i ance 
What focal length should the reading spectacles have a person for whom the least eas an 
TS Mar 19, EXAMPLE PR 


of distinct vision is 50 cm ? 
: , " at 
Distance of normal vision is 25 cm. So, if a book is at u = -25 cm ; its image should be formed 


v=-50cm. 


ast sede sl I f=50 lens). 
225 7 f7525í- zen (convex 1S). 


What are the laws of reflection through curved mirrors ? 


Laws of reflection: . 


1) The angle of reflection is equal to the angle of incidence. 


2) The incident ray, reflected ray and the normal to the reflecting surface at the point of 


incidence lie in the same plane. i 
A concave mirror of focal length 10 cm is placed at a distance 35 cm from a wall. How far from 
the wall should an objéct be placed so that its real image is formed on the wall? TSMay 19 


Given, focal length, f =-10 cm (concave) 
Image distance, v =-35 cm , Object distance from mirror, u=? 
1 1 - I 1 -25 


1 1 
>a 35 10 ^u^35 10 35x10 14 ^ u7-l4 em. 


1 1 
From mirror formula, —4—-- 
u v: f 


". Distance between wall and object, d -35-14- 21cm. 


A concave mirror produces an image of a long vertical pin, placed 40 cm from the mirror, at 
the position of the object. Find the focal length of the mirror. TS Mar 17, 20 


Given, v-u--40cm, f=? 


From mirror formula d -—= 
tu ce 40 40 


-.. Focal length is 20 cm... 
What do you understand by the terms 
Focus: Focus of a lens is any point through which rays of light are converged. 


Principal Focus: It is a point on the principal axis of a lens at which image of an object at 
infinity is formed. A lens will have two focal points on either side. i 


‘focus’ and ‘principal focus’ in the context of lenses ? 


- Define focal length and radius of curvature of a concave lens ? 


Focal length of a concave lens is the distance between optical centre and principal focus of the lens, 
Radius of curvature of a concave lens is the radius of the sphere from which the lens is cyt, 


— (D. 
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Define ‘power’ of a convex lens. What is its unit ? AP May 16; Mar 17; TS Mar & May 16 


The power of a convex lens is defined as the tangent of the angle by which al lens converges a 
beam of light falling at unit distance from the optical centre. (or) 


It is reciprocal of focal length, P E . S.I, unit of power of lens is dioptre (D). 


The focal length of a concave lens is 30 cm. Where should an object be placed so that its 


image is i of its size ? 


Given focal length, f =-30 cm ; We know mesYu dyes 
u ^10 u 10 


] 1-1..10 1 1 9 1 
From lens formula, uu f ——-—2-— = u=-9x30=-270cm. 


u u .307^u 309^ 


A small angled prism of 4° deviates a ray through 2.48°. Find the refractive index of the 
prism. AP June 15, Mar 18, 19 


Given angle of prism, A = 4°; Angle of deviation, D=2.48°; Refractive index, p=? 


For small angled prism, D - (u-1)A E 0.62+1 = p 71.62. 


What is dispersion ? Which colour gets relatively more dispersed ? Mar & May 14 
The phenomenon of splitting of white light into its constituent colours is known as dispersion. 
Violet colour is relatively more dispersed. 


What is myopia ? How can it be corrected ? 


TS Mar 15, 17, May 17, June 15; AP Mar & June 15 


The light from a distant object converges at a point infront of the retina. So the distant object 
is not clearly visible. This defect is called myopia or short sightedness. Myopia is corrected by 
using spectacles having divergent lens (concave lens). 


What is hypermetropia ? How can it be corrected ? AP Mar 16, May 17; TS Mar 18 


The light from the near object converges at a point behind the retina. So the near objects are 
not clearly visible. This defect of eye is.called hypermetropia. Hypermetropia can be corrected 
by using spectacles having convergent lens (Convex lens). 


What is optical density and how is it different from mass density ? AP&TS 17 


Optical density is the ratio of speed of light in two media. Refractive index (H) is a measure of 
optical density. 


The mass density of a substance is the mass per unit volume of the substance. It is physical 
property of the substance. 


^ 
" 


*** THE END*** 


|| SHORT ANSWER! QUESTIONS A MARKS) || 
01. Explain Doppler effect in light. Distinguish between Red shift and Blue shift. 


‘TS May 15, Mar 16, 19; AP June 15, Mar 16, May 18 


Ans: Doppler's effect in light: To an observer on the earth, the light from a star moving towards him 
appears with high frequency or less wavelength. Similarly, the apparent wavelength is high in 
the case of star moving away from him. This change in apparent frequency or wavelength of 
light due to relative motion of the source is called Doppler effect. ' 


A M " 
The Doppler shift is given by “= T » Where v, is component of source velocity along 
the line joining the observer and the source and c is velocity of light. 
Vadai İS positive when source is moving away from the observer. 


The Red shift: When a light source is moving away from an observer with a velocity ‘v’, then 
frequency observed by the observer is less than the frequency emitted by the source (or) the - 
apparent wavelengtli increases i.e., shift towards the red end of the spectrum. 


The Blue shift: When a light source is approaching an observer with a relative velocity 'v', then 
the apparent frequency observed by the observer is morethan frequency emitted by the source 
. (or) the apparent wave length decreases i.e., shift towards the blue end of the spectrum. 


02. Derive the expression for the intensity at a point where interference of light occurs. Arrive 
at the conditions for maximum and zero intensity. AP Mar 15, 16, 18; TS Mar 15, May 18 


Ans: 1)Let us consider two slits S, and S, are separated by a distance ‘q’. ` 

2) 'O' is the mid point between two slits. 

3) Consider a point ‘P’ on the screen. The waves from S, and S, have same wàve length *5 ', 
amplitude 'a' and are in same phase: 


_ 4) The difference between the distances '8' is called the path difference. Let the corresponding 
phase difference is ‘$’. 


©) 


Screen 
Let y, -asinot, y,’=asin(ot+$) 
The resultant displacement ‘y’ of the waves, 
y-y,*y, =asinot+asin(ot+$) >y = asinat+alsinotcosd + cosotsing] 


-o-— 
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= y - (asinot-- asinotcos$) - acosotsin$ 
Q) 
(2), asino - Rsina. (3) 
Substitute (2) and (8) in (1), y= Rsinotcosa +Rsinacosat > y = Rsin(ot +a) 
- ‘y’ is the resultant displacement due to: waves at P. 


(2)? (3)! 2 R’[cos’a+sin? a] = R? =a"[1+1+2cosd] =a7[2+2cosd] =2a?[1+ cosh] 


ae R? = 2a? .2cos' (8) = 4a! cos? (2) =>R=2a cos( $) s 


= y =asinot[1+cos$]+asindcosat 


Let a(1+cos$) =Rcosa 


But, T is the resultant intensity at ‘P, Joc R?. — -.1— 4a cos? ($) 


4 


Conditions for zero intensity: If =n, 3x, 5,....(2n +1), cos? ($) =0=>1=0 (minimum). 


Does the principle of conservation of energy hold for interference and diffraction phenomena ? 
Explain briefly. : F : May 14; AP May 16, Mar 17, 20 
Yes, the principle of conservation of energy holds good for the phenomenon of interference 
and diffraction. i : 

In case of interference, the energy will disappear at the position of dark bands and this energy 
will be appeared at the position of bright bands. Thus energy remains constant. So principle of 
conservation of energy holds good for interference. i 


Intensity 


In interference and diffraction, redistribution of energy takes place. The energy of dark band is 
transferred to bright band. Thus average energy of waves remains same. There is no loss or 
gain of energy due to formation of dark and bright bands in interference and diffraction of 
light, thus they do not violate law of conservation of energy. 
In diffraction phenomenon interference will takes place. Therefore, principle of conservation 
of energy also holds good for diffraction. : 
How do you determine the resolving power of your eye? 
‘ May 14; AP Mar 17, 19; TS Mar 18, 20 
You can estimate the resolving power of your eye with a simple experiment. 
Make black stripes of equal width separated by white stripes; see figure here. . 
All the black stripes should be of equal width, while the width of the intermediate white stripes : 
should increase as you go from the left to the right. For example, let all black stripes have a 
width of 5 mm. Let the width of the first two white stripes be 0.5 mm each, the next two white 
stripes be 1 mm each, the next two 1.5 mm each etc. Paste this pattern on a wall in a room or 
laboratory, at the height of your eye. 


Now watch the pattern, preferably with one eye. 


"O. 
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Sr. INTER PHYSICS © ^ just see some two black 
à iS d 
By moving away or closer to the wall, find the position where you e! would merge into gne 
stripes as separate stripes.'All the black stripes to the left of this Er stripes to the right of 
another and would not be distinguishable. On the other hand, the 
this would be more and more clearly visible. distance 
i sure the 
Note the width ‘d’ of the white stripe which separates the two regions, and mea: 
‘D’ of the wall from your eye. The d/D is the resolution of your eye. Desti crossed 
05. Discuss the intensity of transmitted light when a polaroid sheet is rotated be! 

polaroids ? d 

Ans: Let I, be the intensity of polarised light after passing through the first polariser B. 


2 
k T 0. 
Then the intensity of light after passing through second polariser P, will be 1-1, cos 


I, cos? 0cos! (2 - 0) 


where ‘9’ is the angle betwéen pass axes of P, and P,. 


" " : n 
Since, P, and P, are crossed, the angle between the pass axes of P, and P, will be (2-9). 


Hence the intensity of light emerging from P, will be I= 1 cos’ 0cos? (z-o) 


Ala 


1=I, cos’ @sin? 9 = (sin 20. Therefore, the transmitted intensity will be maximum when 0 = 


| i || PROBLEMS || 


06. Two slits.are made one millimeter apart and the screen is placed one meter away. What is 
the fringe separation when blue-green light of wave length 500 nm is used ? 
AP June 15; EXAMPLE PROBLEM 


|? 
Sol: Fringe spacing wt em =5x10‘m=0.5 mm. 
x 


|| VERY SHORT ANSWER QUESTIONS (2 MARKS) || 


07. Explain Brewster's law ? AP June 15; TS May 16 
Ans: When unpolarised light is incident on transparent surface, at a particular angle of incidence 


called Brewster angle i, the reflected light wave is totally polarised and is perpendicular to 
the refracted light wave. 
"The tangent of the angle of polarization Cip) is numerically equal to the refractive index H of 


the reflecting medium’, u = tani,. 


08. What is Malus law ? TS May 17 

Ans: “The intensity of the polarized light transmitted through the analyser is proportional to square 

of cosine of the angle between the plane of transmission of analyser and the plane of 
transmission of polarizer”, 


l=], cos’@ where, I, - intensity of the polarised light after passing through the polariser. 
9 -angle between the planes of transmission of the analyser and the polariser. 
*** THE END*** 
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Electric Charges. 


and Fields 


WER QUES 


State and explain Coulomb’s inverse square law in electricity. 

Mar 14; AP May 17, 18; TS Mar 17 
Coulomb's Law: The force of attraction ‘or repulsion between two stationary point electric 
charges is directly proportional to the product of the magnitudes of the two charges and is 
inversely proportional to the square of the distance between them. The force acts along the 
straight line joining the two charges. € 


Explanation: Let us consider two stationary point charges q, and qz separated by a distance 
‘r’ from each other. . 
‘Let ‘F’ be the force of the attraction or repulsion between the two stationary charges. 

A B 


4— — — — ————o9 
goce r———»g 


1 


According to Coulomb's law, F œ qq, and F œ 5. So, Fx E 
Si r 


1 
F =— 9; , where e, is called permittivity of free space. 
Ane r . 


Here, = =9x10°Nm?C? and £ - 8.85x10""C" /Nm° or farad/metre. 
£o 


Force between two charges depends on the nature of the medium. In a medium, F - te, 
nE r 

where s - permittivity of medium. 

Define intensity of electric field at a point, Derive an expression for the intensity due to a 

point charge. AP Mar 16 


Intensity of electric field (E) at a point: Intensity of electric field at any point in an electric field 


is defined as the force experienced by a unit positive charge placed at that point. E= E 
o 


Electric field strength due to a point charge: Consider a point charge ‘q’. Electric field will 
exist around that charge. Consider a point ‘P’ in that electric field at a distance 'r' from the 


given charge. A test charge qg is placed at P. 


. Force acting on q, due to 'q' is, F - —— 


Intensity of electric field at that point is equal to the force experienced by a test charge q,, 


, Placed at that point. 
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Intensity of electric field, g- E. =! 4 here e, =permitivity of free space. 


Qo  4n& 


In any medium, intensity of electric field, E “74, here c -permitivity of medium. 
à . mer 


SI unit of intensity of electric field newton/coulomb. ia diisils 
! J line of a 3 
Derive an expression for the intensity of electric field at a point on the axial 
hs AP May 16, Mar 16, 17, 18, 19; TS Mar & May 16 
; , tric 
The intensity of electric field at a point on the axial line of a dipole: Consideran decipi 
dipole consisting of two charges *q and -q separated by a distance 2a. The dipo! Ss Es 
of dipole is p = qx2a. Let 'P' be the point on the axial line of the dipole at a distance 'r from 


centre 'O' as shown in figure. 


Electric field.intensity due to -q at P, E , Se wry dl where is the unit vector along 
. ne (r+a. 


the dipole axis (from -q to q). 


q a 
4ne, (r-a)? R 


Electric field intensity due to +q at P, Ë = 


iit faite oa 1 q q . 1 4qar ^ 
The total field at 'P' is E-E «E = aay NOTIS p dns, (P a5! P* 


4n, 

"a p. l 4g2..g. 1 2p 
= Pas Li E= = P=qx2 
lf r>>a, E Tar p> Ta r” [+P 2 qx2a] 


Derive an expression for the intensity of the electric field at a point on the equatorial plane 
of an electric dipole. AP Mar 15; TS Mar 20 


Intensity of electric field on the equatorial line: Consider an electric dipole consisting of two 
charges +q and -q separated by a distance 2a. Let the dipole moment of electric dipole is ‘p’ 
and it is placed in a uniform electric field 'E' with an angle ‘9’ as shown in figure. 

Let ‘P’ be the point on the equatorial line of the dipole at a distance 'r' from its centre as shown 
in figure. 


Magnitude of intensity of electric fleld due to +q at P, E "uou 
‘0 


l q 


Magnitude of intensity of electric field due to -q at P, E, "IE Pa 
TE, 


Let us resolve Én and E, Into two mutually perpendicular directions. The components normal 


to the dipole axis cancel away. The components E, cos p and E, cos0p along the dipole 


axis add up. 
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So, the resultant intensity at 'P' is E-(E,, *E4)cos0 p ; where p is unit vector in the direction 


- of electric dipole moment. 


É- 1 q 4 q a A 
Ant, r’+a? Anc, +a? ) f? qa? 


z1 2aa5, but p=qx2a 
r 


If ,É- 
(r>>a),E 1 


Lo 


Ata point'on the equatorial plane, E= 7 P$ . Therefore, the direction of electric field intensity 
T 


T£ 
on equatorial line of the dipole is opposite to dipole moment. 

05.. Derive an equation for the couple acting on a electric dipole in a uniform electric field. 

May 14; TS May 18, Mar 19; AP May 16 


Ans: Consider an electric dipole consisting of two charges +q and -q separated by a distance 2a. 


Let the dipole moment of electric dipole is ‘p’ and it is placed in a uniform electric field ‘E’ with 
an angle ‘9’ as shown in figure. à 


+Eq 


The force acting on each charge is Eq. These two equal and unlike parallel forces form a couple. 
It will try to rotate the dipole parallel to the electric field, This is called moment of the couple. 


Moment of the couple t=Fx1™ distance between the two forces — t= Fx AN 


from AABN , we have sin0= ^ = AN =ABsin0 =2asin0 [v AB= 2a] 


t=Eqx2asinO=PEsin@ — [ P=qx2a]. In vector form, 1- PxE. 
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; 18, May 17 
State Gauss's law in electrostatics and its importance. AP Mar 15, June 15; TS Mar 15, 18, 


i — times the net, 
Gauss’s law: The total electric flux through any closed surface is equal to ^ 


charge enclosed by the surface. Here, c, is the permittivity of free space. 
$=GE-ds=4 w ce 'S' 
Ss c, : Here 'q' is the total charge enclosed by the surface ‘S’. 
s "0 


Importance: i 
i) By using coulomb's law and the superposition Principle, we cán find electric field — 
at a given point. But in case of more complex configurations of charge, the electric fi 


be more easily calculated by applying Gauss's law. 
ii) Symmetric considerations in many problems make the application of Gauss's law much easier. 


*** THE END*** 


Electrostatic Potential 
& Capacitance 


|| LONG "ANSWER QUESTIONS (8 MARKS} ||| 
apacitors. Derive the formula for equivalent 
AP Mar & June15, May 16; TS Mar 15, 17,19 


ries and parallel combination of c. 
e in each combination. 


If number of condensers are connected in such a way that the potential 
then the condensers are said to be 


01. Explain sei 
$ capacitanc 


Ans: Condensers in parallel: 
difference between the plates of every one of them is same, 


connected in parallel. 
Let three condensers of capacities C,, 
The potential 


C, and C, be connected in parallel as shown in figure. 


difference across each condenser is same and it is equal to V. 
Let q,, qz and q, be the charges on the plates of the condensers 
of capacities C,» C, and C, respectively. 

(D; But q -CV, q; 2 GV, as - V 


29 =9) +42 +q; 
If ‘C’.is the equivalent capacity of the combination, then C u =>q=CV 


CV 2 GV GV «GV (or) C=C, «C, «C, (2) 
` The equivalent capacity of the parallel combination is equal to the sum of their individual 


capacities. 
Condensers in series: 
f the plates of every one of them is same, 


series. 


If number of condensers are connected in such way that the charge on 
then the condensers are said to be connected in 


Let three condensers of capacities C,, C, and C, be connected in series as shown in figure. 
The charge on the plates of the condensers is same but the P.D across the condensers of 


capacities C,, C,, C, are V, Vj, V, respectively and ‘V’ be the potential difference across the 


combination of the condensers. 


eer =t 
appes M EON 
0€; 3 C 


€ 
[nme] 
¥— | ^] 
SV eV, eV, — (D; But V2 3, V - d v d. 
€ Gees C; 
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If ‘C’ is the equivalent capacity of the combination, then V =¢ 


-d,0,Gq,q l. 1.1 i 1 
LATA ta taa 
eG. G OGG! G e : individual 
^ " n 
The reciprocal of the equivalent capacity is equal to the sum of reciprocal of the in! 
capacities. ^ 
1 hen the 
Dérive expression for the energy stored in à capacitor. What is the energy stored w 
space between the plates js filled with a dielectric 
8) with charging battery disconnected b) with charging battery connected ? 
AP Mar 05, 06, 07, 09; May 06 
Let ‘q’ be the charge on the plates of a condenser and 'V' be the potential difference’ oe 
plates. The work done’ dW in giving an additional charge dq to the condenser is given by, 


dW =Vdq 0 : 


But, capacity C u V = — 2 


The total work done in giving the whole charge ‘q’ to the 


i q 4 pí 
condenser is given by, W= faw = fvaq [from(1)] M key 
0 0 
4 +1 i+ 2 
w= [da (wig oe ad edt 
TSC Irom 2j (fwa pt rs 
2 
q T3 1 
w-gS.lloysllqy 
Tae m 325. 


This work done in charging a condenser is stored as its potential energy, 


2 
q ley2.1 
=—~—==—CV? =>. 

20 2 2 
Effect of dielectric on energy stored in a capacitor: When dielectric slab is introduced between 
the plates of a capacitor, its capacity will increase. New capacity C, - KC (where 'K' is dielectric 
constant of the slab introduced). As capacity changes energy stored in the capacitor will also 
change. This change is of two types: . . 
Case-I: When thé battery is disconnected from capacitor: When a capacitor is charged and 
disconnected from battery then the charge on the plates 'q' is constant. If a dielectric of constant 
‘K’ is introduced between the plates, then energy stored. 


K 


Ñ 


——À 


2 
U, => here; ‘q’ is constant and new capacity C, = KC. 
H 


2 2 
U, = x x (where U m is energy stored in capacitor without dielectric), 


Energy stored in the capacitor decreases by K times. 


Case-II: When the battery is present in the circuit: When the charging battery is Present ui 
circuit, potential difference remains constant. e 


©. 
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4% 
EES 
key 


If a dielectric of constant 'K' is introduced, then C, = KC 
1 i 
and energy stored, U, -30V* = zxcv =KU (s U -$9) 
+, Energy stored in the capacitor increases by K times. 
|| SHORT ANSWER QUESTIONS (4 MARKS) || 

Derive an expression for the electric potential due to point charge. AP Mar 16, 19, TS Mar 16 
Electrostatic potential at any point in a region of electrostatic field is the work done In bringing 
a unit positive charge from infinity to that point against the electric field. V t 

a 10 
Potential due to a point charge: 


Consider a point charge ‘q’ at point ‘O’. Charge is produced electric field around it. 


Let q, be the test charge placed at A, the force acting on test charge is F - " 

mE, X 
The test charge q, displaced towards +q from A to B through a displacement of dx against the 
electric field. The work done in moving the test charge is dw - —Fdx. 


The total amount of work done in moving the test charge from œ to P, 


r, 
faw = [-Fex >We i 1 EEN ado ax : |: fxtax E xm | 


4ne, x’ n+1 


[1 17 
>W=- [oyax=- Qo [-4] sw- | 
x loo 


Ane, Arel x Anm r 
w lq 
a 7 [Pls Vac m oM. 
e potential at poini q dur 


Derive the expression for the electrostatic potential energy of a system of two point charges 
and find its relation with electric potential of a charge. 


Statement: The amount of workdone to arrange the charges at a particular separation is stored 
in the system as potential energy Is called electrostatic potential energy of system of charges. 


Let two point charges q, and q, are separated by distance in space. An electric field will 


develop around the charge q,. The potential at B due to q, at a distance ‘r’ is Ve = 1.8, 


Ane, n 
To bring a charge q, from infinity to the point B, some work must be done. 


O- 
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7 B 
Work done, W = qV; sao qı F az 3 
0 


ee E of a system of two 
` Thus amount of work done is stored as electrostatic potential energy W) 


1 qq 
U=— 
charged particles. "ur 


niform electric 
Derive an expression for the Potential energy of an electric dipole placed in a un 
field. s 


Consider a dipole with charges q 
shown in figure. ` 


=+q - q, --q placed in a uniform electric field E as 


12PxE 
The dipole experiences no net force, but experiences a torque t given by t=Px 


-fiz PEsino: 


> +q 


Suppose an external toque :.. is applied such that it just neutralises this torque and rotates it 
in the plane.of paper from angle 0, to angle 9, without angular acceleration. 


6, 

The amount of work done w= fread = [Pesineae = P.E(—cos6)} = P.E(cos0, -cos0,) 
[7 & 

This work is stored as potential energy in the System. 


We can then associate potential energy U(@) with an inclination 0 of the dipole 
; s 
Work done in rotating from 9, =5 to 6,=0, Us =P cos cos 7-PEcos0 --p.E. 


Derive an expression for the capacitance of a parallel plate capacitor. 

AP Mar 16, 18, 20, May 16, 17; TS Mar 18, 20, May 16, 18 
A parallel plate capacitor consists of two large plane parallel conducting plates Separated by a 
small distance ‘d’, y 
Let ‘A’ be the area of each plate and 'd' be the distance between the plates, The two Plates have 
charges 4Q and -Q. r 


i Q -JA 
The surface charge density of Positive plate is o = A ` a 
ý —=>_ 
E “a 
tric fi ld between plates i EaVures i Veo: pa 
Eelctric field be plates is “= & ^d Ag —- 


O 00 sc 
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Ai 
‘V’ is potential difference between two plates a -2 — (D 


:. The capacitance of the parallel plate capacitor C d —— (2) 


from (1) & 2), C- 2a 


If the medium between the plates filled with a medium of dielectric constant tK’, then 


KAg, 
[ES d © -KC. KE " . 
Explain behaviour of dielectrics in an electric field. AP Mar 19 


In polar dielectric substances, charge is not distributed symmetrically i.e., centres of positive 
and negative charges do not coincide even in the absence of electric field. 


In non polar dielectric substances charge is distributed symmetrically i.e., centres of positive 
and negative charges coincide even in the absence of electric field. When non-polar dielectric 
substances are placed in an external field E, , in each molecule the centre of positive charge 


will be displaced in the direction of the field, the centre of negative charge in the opposite 
direction. Each molecule is said to get polarised, 


Asthe molecules are polarized in an electric field, surface charge will develop on each molecule 
and these induced charges are in opposite direction to the applied field. These induced charges 


will develop electric field E, in opposite direction. Due to charge polarization, intensity of 
electric field in a dielectric reduces. 


The value of actual intensity E -È so, capacity increases by K times. 


Derive the formula for equivalent capacitance when the capacitors are connected in series. 
AP 15, TS 15, 19, 22 
Equivalent Capacitance of capacitors in Series: 
1) Suppose that two capacitors of capacitance C,, C, are connected in series to a potential 
difference V. ` 
2) In series combination of capacitors, same charge Q is stored on the plates of two capacitors. 
3) Let v,, V, be the potential drops formed on the capacitors C,, C, respectively. 


4) In series combination of capacitors, the total potential drop is equal to.sum of potential 
drops on the capacitors. 


“V=V,+V, 


TOR DE 
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But v, =Q and y, - . 
[9 Te. 


.y.9,9 ( T Am mn 
oVeS4+S5V=Q/—4+—| sees ts (D 
CC €; Q Qc GC 
Then effective capacitance of the combination is cs —— (2) 
From (1) & 2), we bet 1» L1, 
Cc O G 


09. Derive the formula for equivalent capacitance when the capacitors are connected in parallel. 
AP 16, TS 17 

Ans: Equivalent Capacitance of capacitors in Parallel: 
1) Suppose that two capacitors of capacitance C,, C, are connected in parallel to a potential 


difference V. 
2) In parallel combination of capacitors, same PD of V remains on all the capacitors. 


3) Let Q,, Q, be the charges on two capacitors €, C. 
4) In parallel combination, the total charge is equal to sum of charges 
stored in capacitors. .Q=Q,+Q, 
5) But Q, - GV and Q; - V. ..Q,=C,V+C,V 
. 6) Here the capacitors act as an equivalent capacitor with charge Q, potential drop V and 
equivalent capacitance C. So, Q-CV. 
“CV 2 GV «CV 2(C; 4 )V 2 C56 C. 
— A 
||; PROBLEMS ||| 
10. Three capacitors each of capacitance 9 pF are connected in series 


a) What is the total capacitance of the combination ? 


b) What is the potential difference across each capacitor if the combination is connected to 
a 120 V supply ? . May 14; EXERCISE PROBLEM 


Sol: a) Effective capacitance when capacitors are connected in series is given by 


qu uu] 
atte ante 
G à 


b) As capacitors are identical, potential on each capacitor V = H , where 'V' is applied potential 


-12 py, 
3 
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‘Sol: 


12. 


Sol: 


Three capacitors of capacitances 2 pF, 3 pF and 4 pF are connected in parallel. 


. a) What is the total capacitance of the combination ? 


b) Determine the charge on each capacitor if the combination is connected to a 100 V supply. 
AP Mar 17; EXERCISE PROBLEM 

When capacitors are connected in parallel, effective capacitance is given by 

Cp =C, +C, +C, =9 pF. : 

qı -C,V - 2x10 x100 = 200x10"C, q, =C,V 23x10 x100C = 300%10C, 

q, = CV 24x10" x100C = 400x 10" C. a . 

A 12 pF capacitor is connected to a50V Battery: How much electrostatic energy is stored in 

the capacitor ? ` F EXERCISE PROBLEM 


Electrostatic energy stored in the capacitor is U = qv - jn x10 x50x50=1.5x10°J. 


*** THE END*** 


deduce the condition for 


01. State Kirchhoff's laws for electrical network. Using these laws, 
balancing in a Wheatstone bridge. 


May 14; AP Mar 14, 18, 19, 20, May 16; TS June 15, 


Ans: a)Kirchhoff's current law (or) First law: The sum of current flowing into a junc he currents 
sum of currents flowing out of same junction. (or) The algebraic sum of all the 


Mar 16, 18, May 18 
tion is equal to 


meeting at any junction is zero. 


i,=0. 


From kirchhoff's current law, i, +i, +i, =i, +i, — i, +i, +i, -i 


This is based on law of conservation of charge. 
b) Kirchhoff's voltage law: In any closed circuit, the algebraic sum of the potential differences 
is equal to zero. This law is based on law of conservation of energy. — XV -0 


i 4E 
R, R, R, 


yV V 
Sign convention: 


i) When we move across resistor in the direction of current, the potential drop across the 
resistor is taken as —jp. 


ii) When we move across resistor in the opposite direction of current, the potential drop across 
the resistor is taken as «iR 


iii) If we move from negative terminal to positive terminal of a cell, then its emf is taken as Positive 


iv) If we move from positive terminal to negative terminal of a cell, then its emf is taken as negative. 


From the above figure, E-iR, -iR, -iR, =0 >E = iR, +iR, +iR, >i T - 
I R, +R, + R,” 
Wheatstone’s Bridge: Wheatstone. bridge consists of four resistances R,, Rz, R, and R, connected 


as shown in the figure to four junctions A, B, C and D. Between the junction A and C. a bat 
emf ʻE’ is connected. Between the junctions B and D, a galvanometer 'G' is connected tery, of 


Sr INTER PHYSICS © 


02. 


Ans: 


€ CURRENT ELECTRICITY 


Applying Kirchhoff's first law at the junction 'B', 1, =i, *h 


@ 


at the junction ‘D’, i, i, =4, 


@) 


Applying Kirchhoff's second law for the closed mesh ABDA, going in the clock wise direction 
-i,R, -i,G eR, =0 (3) 


And for BCDB, again going in the clockwise direction 


~i,R, +1,G+i,R, 20 —— (4) 


When no current passes through the galvanometer, i, = 0, the bridge is said to be balanced. 
Using i, =0 in above equations, i, 


— ©, i-i, — ©, 
iR, =i,R, _— o, iR, =i,R, — (8 


Dividing equation (7) and (8), u zb Ro CR 
3 


cab => —! =—2 ,Thisisthe principle of Wheatstone's bridge. 
iR, LR, R, 4 . 


State the working principle of potentiometer. Explain with the help of circuit diagram how 
the emf of two primary cells is compared by using the potentiometer. 
AP June 15, Mar 16, 17, May 17; TS May 16, Mar 19 


Working principle of potentiometer: It works on the principle that the potential difference 
across any part of a uniform wire is directly proportional to the length of that portion when a 
constant current flows through the wire. 


Let 'V' be the potential difference across the wire of length ‘£’ resistance 'R" and uniform area of 
cross-section ‘4’. If ‘I’ be the current following through the wire, then according to ohms law V =IR. 


But, R- i , where p = Resistivity of the wire 


vero - (B). but, Bug, ^ V 24 (or) V œ t provided A, p&I are constants. 


Comparison of emf's of two cells using potentiometer: Let E, and E, be the emf of the two 
cells under comparison. The primary circuit consists of a cell of emf *E', internal resistance ‘r’ 
connected in series to a key k, and rheostat. 


In the secondary circuit, two cells whose emf's E, and E, are to be compared are connected. 


While making the connections, the positive terminals of the cells are to be connected to the 
end of potentiometer wire, where the positive terminal of the cell in the primary circuit is connected. 


A 
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© CURRENT ELECTRICITY 


le 
k; 
First, the key is connected so that the galvanometer is connected to E,. The position of jockey 


is adjusted on the potentiometer wire and balance point is obtained at ¢,(AN,) 
Then E, = $¢, 
Now, key is connected so that the galvanometer is. connected to E. 

The position of jockey is adjusted on the potentiometer wire and balance point is obtained at 
G(AN;). = E, =o, Q) 


(1), where '$' is the potential drop per unit length. 


Divide (1) and (2), z =å, 
2 M og à 
State the working Principle of potentiometer and explain with the help of circuit diagram. 
How the potentiometer is used to determine the internal resistance of the given primary cell ? 
AP Mar 15, May 18; TS Mar 15, 17, 20, May 17 


Working principle of potentiometer: It works on the principle that the potential difference 


“across any part of a uniform wire is directly proportional to the length of that portion when a 


constant current flows through the wire. : 
Let 'V' be the potential difference across the wire of length ‘¢’ resistance ‘R’ and uniform area 


of cross-section ‘A’. y 4 
If ‘I’ be the current following through the wire, then according to ohm’s law, V =IR 


But R-pi. where p — Resistivity of the wire. 


I 
V= Lp -(. but 2 =. ^ V= 9 (or) V « ¢ provided A; p&I are constants. 


Determination of internal resistance of a cell using potentiometer: The arrangement for 
measuring the internal resistance ‘r’ of a cell using potentiometer is shown in the diagram. 


The primary circuit consists of a cell of emf ‘B’ with some internal resistance connected in 
series with a key K, and rheostat 'R'. 
A cell of emf 'E' whose internal resistance 'r' is to be determined is connected across a resistance 


box to a key K, as shown in figure. With key K,, open balance point is obtained at length 
£,(AN,)- 
Then E = $¢, — (1), where ‘d’ is the potential drop per unit length. 


Secondary 
Circuit 
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06. 


Ans: 


When key K, is closed, the cell sends a current to the resistance box. If 'V' is the terminal 
potential difference of the cell and balance point is obtained at length 7,(AN;). 


Then V 246; — (2) 


So, we have from (1) and (2), bau — 83) 


But, E =](r +R) and v =IR this gives iE —— (4) 


R 
From (3) and (4), FRA S Eos ru sr Aq 4-5 -ies(azh. 
R 4 R l 7 R a 2 ts 4 
Three identical resistors are connected in parallel and the total resistance of the circuit is 
R /3. Fxind the value of each resistance. AP May 14 


Three equal resistors each of resistance is ‘x’ connected in parallel, the effective resistance is 


R “nk 1. 1.1.1.1. 3.3.3 714.1 
=, then the value of resistance is = +—-=> == sia == Rex. 

3 Rae X X x R/3 x /R x "R x^ 7 
A battery of emf 10 V and internal resistance 3, is connected to a resistor ‘R’ 

i) If the current in the circuit is 0.5 A, then calculate the value of 'R' ? 

if) What is the terminal voltage of the battery when the circuit is closed. TS Mar 15 
Ew. E sos- 


js Sea 
DR Rer PO RH 


=>R=170 


ii) Terminal voltage y -E-ir (-E-V-ir) 


SV -10-0.5(3) - 85 V (0D V ziR 205x17- 85V. 


‘m’ cells each of emf ‘E’ and internal resistance ‘r’ are connected in paraliel. What is the total 
emf and internal resistance ? Under what conditions the current drawn from mixed grouping 
of cells is maximum ? d 


If all positive terminals of cells are joined together, then it is said to be parallel combination. 


Consider ‘m’ identical cells such as E, E, Ez. En each of emf ‘E’ and internal resistance ‘r’ 
connected in parallel to an external resistance ‘R, 


Er 
Er 
Er 
R 
y "4 L.1 T2. d sh om T 
" ptt SRI PT eg 
Effective resistance, c" rtp nO Tw rq 


E -ME 
R+(r/m) mR+r 


r 
Total resistance, Rr, =R ur ; Current, [= 


Result: lí total internal resistance is equal to external resistance, we get maximum current. 


e» 


—6 CURRENT ELECTRICITY 
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07. How many electrons flow through a wire when 1A current passes for one milli secon 
AP Mar 10 


Sol: i-1A,t-1ms- 1x10? sec, n=?, e-L6x10" C 


nxl1.6x105 Ls Tb s 
= ——— = 6. trons. 
103 >n 16x10 6.25x 10" electro: . 
08. A wire carries a current of 1A, then a) How much charge flows through the hien in 
5 minutes. b) How much electrons will cross over a particular point in the conductor du M 
‘this period. AP May 


Sol: j-iA,.q-7, t-5min-5x60-300sec, n=? 


a) i= 5 q-it > q-1x300- 300€. 


Qnxl6x10? ` 


ia ne 
b) i=4si== 31 
Man i7 300 


300 s 
"=Tex1o™ 71875x10" electrons. : 


09. Find the resistivity of a conductor which carries a current of density of 2.5x 105 Am? when 
an electric field of 15 Vm" is applied across it. AP Mar 15; SOLVED PROBLEM 


Sol: . Given that current density (J) =2.5x10°Am”, applied electric field (E) = 15 Vm” 


-~ Resistivity of conductor p=? 


E 15 150. s. 30 1.4 
$ = =2= =——x10% == = rs 
We know that, E- Jp =p n 5x19 P 25" 5 me 6x10°Qm, 
10. A wire of resistance 4R is bent in the form of a circle. What is the effective resistance between 
the ends of the diameter ? TS Mar 16; SOLVED PROBLEM 


Sol: . Given the resistance of the straight wire R, =4R. When the wire is bent in the form of circle we 
assume the wire is divided into two equal parts above and below the diameter, 


R, 4R 2R 
Hence, resistance of each part becomes 37.4. on 
Now assume these two parts [resistance] are connected in parallel, then. oR 
2Rx2R _ 4R? RR 
= 5 =R |¥ R, =— 7 
R, 2R+2R 4R [ P R +R, 


D 


11. a) Three resistors 20, 40 and 5 Q are combined in parallel. What is the total resistance of 
the combination ? : 


b) If the combination is connected to a battery of emf 20V and negligible internal resistance, 
determine the current through each resistor and the total current drawn from the battery. 


,TS Mar 18; EXERCISE PROBLEM 
pode d PI ate g 20, 
par d pte aL ate d ae 2 
Soe DR R R R2 458729) 1g 
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b) Currents drawn through different resistors are 


Total current drawn from the battery 1 «1, +1, +1; =10+5+4=19A- 


12. A battery of emf 2.5 V and internal resistance r is connected in series with a resistor of 
45 ohm through an ammeter of resistance 1 ohm. The ammeter reads a current of 50 mA. Draw 
the circuit diagram and calculate the value of ‘r’ ? TS Mar 17; SOLVED PROBLEM 


Sol: Given that emf of cell (E) = 2.5 V , Internal resistance of cell r=?, 


E-25V A 


R=45Q 


Ammeter resistance (r') =1Q, External résistance (R) = 450, 


Current (1) -50mA =5x107A 


LE SgReer-ÉLasdarez23. 4647250 o r-4n. 
R+r+r' i 5x10? 


13. The four resistors 20, 400, (20+x)Q, 80 respectively form a Wheatstone bridge. Find 


the value of ‘x’ ? AP Mar 20; SOLVED PROBLEM 
R3 20 (20«x) 


P 
Sol: From Wheatstone bridge balancing condition Qs 40^ 80 => 40=20+x. .x=209- 


M. Two unknown resistance P an Q are connected in the left and right gaps of a meter bridge 
and balancing point is obtained at 60 cm from the left. When a 20 Q resistance is connected 
in parallel to ‘P’ the balance point is at 5 Q calculate ‘P’ and ‘Q’ ? AP May 09 


Sol: X-P,R-Q, /, - 60cm, ¢,=40cm | 


When 20 Q resistance is connected to ‘P’, £1 50cm, ¢, - 50cm 


Px20 4 3 20 50 

a E 2P-10Q 
(P+20)Q “BF 3" P+20 50 > P+20=30>F 
P_3_10_3 20 


“O27 Q 27 


15. Find the balance length in a metre bridge, if the resistance in the left and right gaps are in the 
ratio of 2:3. AP Mar 07 
Sol: R E h 2 


ERAN 
E 1023 =3 " 
Q^ 17, ^3" 19-7, LL — = 2(100-¢,) = 3¢, = 200 -2£, 234, => 200 = 50,2 ¢, - 40cm. 


The balancing point is obtained at 40cm from the left. 


"©: 
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Sol: 


@ CURRENT ELECTRICITY 


: 8 I between its 
A potentiometer wire is 5 m long and a potential difference of 6V is maintained 


f the potentiometer 
nds. Find the emf of a cell which balances against a length of 180 cm o. 
ine oe i TS May 16; AP June 15, Mar 16, 17; SOLVED PROBLEM 


Length of potentiometer wire L = 5m. 


Potential difference across its ends v 26V. 


Balancing length of wire / 2180 cm 2 1.8m. 


+ Emf of the cell E= V, -£x 1.8=2.16V. 

In a potentiometer arrangement, a cell of emf 1.25 V gives a balance point 35.0 n Hin tai 
the wire. If the cell is replaced by another cell and the balance point shifts to 63. "eet a 
is the emf óf the second cell ? AP Mar 15; TS Mar 20; EXERCISE PROBLEM 


Here, E, =1.25V,.¢, =35.0 cm, 4, 2630cm, E, =? 


m 


£ i £ 63x1.25 
As 2=2 E, = 2,6 _ -235V. 
E 4 2 n 1 35 225V 


*** THE END***. 


01. 
Ans: 


02. 


[ISHORTANSW 


QUESTIONS (4 MARKS) ll 


What are the basic components of cyclotron ? Mention its uses ? AP May 16 


Cyclotron is a device used to accelerate positively charged particles like protons, œ- particles. 
Cyclotron mainly consists of Magnetic field out 
1) Two hollow D-shaped metallic chambers D, and D, of the paper 


2) High frequency, oscillator 
3) Strong electromagnet 

4) Vacuum chamber 

Uses of cyclotron: 


Exit point 
v 


Charged 
particle 


1)It is used for producing radioactive material for medical 

purposes. i.e., diagnostics and treatment of chronic diseases. 
2) It is used to improve the quality of solids by adding ions. 
3) It is used to synthesis fresh substances. 


— 


4) Itis used to bombard the atoms with highly accelerated particles to study the nuclear reactions. 
State and explain Biot-Savart law. May 14; AP Mar 16, 17, 18; TS Mar 16, 17, 20 


Statement: The magnitude of magnetic field induction due to small element of current carrying . 
conductor is directly proportional to the strength of the current, length of the element, sine of 


the angle between position vector and the element and inversely proportional to the square of 
the distance of the point from the element. 


Explanation: Consider a finite conductor OR carrying current ‘I’, Consider a small element of 

the conductor of length dé. Let dB is the magnetic induction due to this small element at a 

point p which is at a distance r from the element. Let 9 be the angle between gê and the 

position vector F. 

According to Biot and Savart's law, 

i) The magnitude of magnetic field dB is proportional to the current dB «i, 

ii) Magnetic field dB is proportional to length of current carrying element 
dB c dé, 3 

iii)Since of the angle between the current carrying element and the line 
joining the midpoint of the element and the given point dB œ sin0. 

iv)Magnetic field dB is inversely proportional to the square of the 


1 
distance 'r' of given point from the current carrying element dB oc S Q 


idésinü dB = ese skete], 
wg An 


to idésind 
If the conductor is in vacuum (or) air, then dB = or i 


where ji = permeability of free 


mi ex?) 
4n d 


space and y =107 Wb m'"A'", In vector form, JB = £ 


"©: 


= 
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nt carrying circular 
Derive an expression for the magnetic induction at the centre of a curre 
coil using Biot-Savart law. ; dem 
PU i all length element 
Consider a circular coil of radius ‘r’ and carrying a current ‘i’. Consider a sm: 
"dt ' of the coil. Let *O' is the centre of the coil. 


i i he small element is, 
By using Biot-Savart's law, the magnetic induction at centre 'O' due to tl 


_ Ho id sing : i 


Pius pto T ? re y de 


Here, angle between di and F is 90° Gie., 0-909) 


i ltant 
As the field due to all elements of the circular loop have the same direction. The resul 
magnetic field can be obtained by integrating equation (1). 


-[dB- (Heide S. Hi 2 Lhi = Hol 
B= {dB dn B= yell Ce [at =2nry B= fender = 
; WES m Honi 
lf the circular coil has n’ turns, Ber 
r i. 
Derive an expression for the magnetic induction at a point on the axis of a current carrying 
circular coil using Biot-Savart law. TS Mar 16 


Ans: Magnetic field at à point on the axis of a circular coil carrying electric current: 


Consider.a circular coil of radius 'R' carrying a current ‘i’. Let ‘P’ is a point on the axis at a 
distance ‘x’ from the centre ‘O’. Let ‘r’ be the distance of small element (de) from ‘P’. 


. From Biot-Savart's law, the.magnetic field induction at ‘P’ 


due to this element is dB = He Mttsind 
n x 


idg = g 
re —— (D €: 6=90° Angle between di and F) 
dB can be resolved into two components dBcosó and 


dB sing, if we consider another element of same length (de) 
diametrically opposite to first element. 


The magnetic field induction at ‘P’ due to this also resolved into dBcosó and dB sing. 
The components along the axis. will add up and Perpendicular to the axis will cancel. 


-. Resultant magnetic induction at ‘P’ is B - [dBsing —— (2) 


2(Hoid/sinà — pi ; seno 
dd Jy r’ "ag | sing (sngt 


i R iR? 
= Tre mR (+ [de =2nry abet —— 0O 


Y 2 
From figure r - Jg? 4 y? i Badio: — —— (4) 


uU NiR? 


If the coil contains N turns, P Kg exu — 6). 
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05. State and explain Ampere's law. s AP Mar 20; TS Mar 18 


Ans: Ampere's law or Ampere's circuit law: 
Statement: The line integral of the intensity of magnetic induction field around dy closed path 


o) T 


is equal to ji, times the net current enclosed in it. $B-di = pl 


Explanation: Consider a closed path of any shape. We have to 
take a small length element, dé on the closed path. Let B. be the 
resultant magnetic field at the Position of dé. The scalar product 
of B and dé is B.d?. Integrating B.g; by varying dé on the closed 
path we get the line integral of § around the closed path. It is 
denoted by the symbol B-a, f 


By Ampere's law, $B-d? =p, where ‘I’ is the net current enclosed by the closed path. ` 


The currents 1,,1, which are normally into the plane of the paper are taken as positive and the 


currents 1,,1, which are normally outwards are taken as negative. Thus 1=1,-1,-1, +1,. 


06. Find the magnetic induction due to a long current carrying conductor ? 


Ans: Consider a long straight conductor carrying a current ‘i’, Let 'P' be a point at a distance 'r' from 
the conductor. Let ‘r’ be the radius of the circle passing through point 'P'. 


Magnetic induction is same at all points on the circle. Consider a small element of length dr. 
Now, $B- di = $Batcoso = Bé ar [^ Angle between B and dé is zero i.e., 9-05] 
[uw fae = 2nr = circumference of the circle] 


= $B-di = B(2nr) 


@ 


According to Ampere's law, $B-dê = mi 


@) 


From equation (1) and (2), B(2nr) = ui =B =. 


07. Derive an expression for the magnetic dipole moment of a revolving electron. AP Mar 16 


‘Ans: Consider an electron revolving in a circular orbit of radius r with speed ‘v’ and frequency 'f'. 
Consider a point ‘P’ on the circle. If the electron crosses this point P on the circle in every 
revolution, then distance travelled by electron to complete one revolution = 2r. 


ý v 
No. of revolutions in one second (f) or 


charge of the electron 


h ta = Eeron 
The electric current (i) time taken for one revolution 


1 v 
7chargexfrequency > i=ex-—. 


2nr 
<; Magnetic dipole moment M =iA =M= [^ nm (7A-n). «yal, 
E TI 2 


x 370 
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09. 


Sol: 


10. 


ii. 


Sol: 


€ MOVING CHARGES AND MAGNETISM 


t of 0, 
A circular coil of wire consisting of 100 turns, each of radius os wees a curren! 40 
A. What is the magnitude of the magnetic field B at the centre of the 


TS May 18; EXERCISE PROBLEM 
Here, n=100, r=8 cm =8x10-m and 1-0.40A. 


Honi _ 4nx107 x100x 0.4 
The magnetic field 'B' at the centre B =P 277 7X 


2r 2x8x107- 
Ax3.14x4x105 | 2 
B= =3.14x10“T. 
Bi 16x10? SH i 
Al i rrent of 35A. What is the magnitude of the field B at a point 
20cm tron = =e "ae ex TS June 15; EXERCISE PROBLEM 


Here, i 235A and r-20cm-02 m. 
The wire is long and it is considered as an infinite length wire, 


-7 
The magnetic field B= Hol _ 2x107 x35 
k 2nr 0.2 
A current of 10A passes through two very long wires held parallel to each other and separated 
by a distance of Im. What is the force per unit length between them ? 


TS Mar 15, 19; AP Mar 15; SOLVED PROBLEM 
Current in 1* conductor i, 210 amp, Current in 2" conductor i, =10 amp, 


=3.5x10°T. 


Separation between conductors r - 1m 


Ho di, 2x107x10x10 


F 
F i salt =2x10°Nm"™, 
orce per unit length P^ 1 x im 
A 100 turn closely wound circular coil of radius 10cm carries a current of 3.2 A. What is the 
field at the centre of the coil ? y AP Mar 19 


p= bet here, N=100, 1=3.2A and R-0.1m. 


4nx107x10 x32 _4x10%x10 cl 
Hence BOF Br” Using 32-10) 


The direction is given by the right -hand thumb rule. 


|| VERY SHORT ANSWER QUESTIONS (2 MARKS) || 


What is the importance of Oersted's experiment? May 14; AP Mar 20, Máy 18; TS Mar 17 
The importance of oersted's experiment is ‘every current carrying conductor produces a 
magnetic field around it which is perpendicular to current carrying conductor’. 

What is the principle of a moving coil galvanometer ? TS May 16 
When a coil carrying current is placed in a magnetic field, it ex; 
deflects. .. Current in the coil () « deflecting angle (0). 


What is the smallest value of current that can be me; 
tangent galvanometer ? 


Periences a torque and hence 


asured with a moving coil galvanometer, 


The smallest value of current that can be measured with M.C.G is in the order of 10? A, 


is in the order of 105A. 
ammeter ? 

AP June 15, May 18, Mar 19; TS Mar & May 18 
ecting a low resistance in parallel to it, 


The smallest value of current than can be measured with T.G 
How do you convert a moving coil galvanometer into an 
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16. .How do you convert a moving coil galvanometer into a voltmeter ? 


TS Mar 15, 16; AP Mar 15, 16, May 18 


Ans: MCG can be converted into voltmeter by connecting a high resistance in series to it. 


17. Distinguish between ammeter and voltmeter, 


AP Mar 15, 17, 18, May 16, 17; TS June 15, Mar 20 


1) It is a device used for measuring 
currents in electrical circuits, 


points in a circuit. 


2) A moving coil galvanometer 
is converted into an ammeter 
by connecting a suitable low 

resistance in parallel to it, 


A moving coil galvanometer is 
converted into a voltmeter by 
connecting a suitable high , 
resistance in series with it. 


4) An ammeter should always be 
connected in series in the 
circuit. 


A voltmeter should always be 
connected in parallel in the 
circuit. 


18. State Ampere's law and Biot-Savart Law. 
Ans: 


a closed curve is equal to py times the net current (T) bounded by the curve. 


$B-di - ul. 


i Voltmeter 


It is a device used for measuring 
potential difference between two 


3) The resistance of an ideal The resistance of an ideal 
ammeter is zero. voltmeter is infinite. 


TS19 


1) Ampere’s law: The line integral of the intensity of magnetic induction field ($B-di) around 


2) Biot -Savart Law: The intensity of magnetic induction (dB) due to a small element is directly 


proportional to 


i) current (i), ii) length of the element (dé), iii) sine angle between radius vector (r) and d£ 


and iv) inversely proportional to the square of the point from the current element. 


idésin6 Ho idésinü — 


Hence, dB œ E (or) dB- an^ pg 


19. A circular coll of radius ‘r’ having ‘N’ turns carries a current ‘i’. What is its magnetic moment? 


Ans: Magnetic moment, M - NiA C: Area A= nr?) => M=Ni(nr’). 


TS17 


20. What is the force on a conductor of length ‘L’ carrying current ‘i’ placed in a magnetic field 


of induction B ? When does it becomes maximum. 
Ans: i) Force on a conductor (F)= BiLsinO 


ii) If 9-909, Fa. 
perpendicular to the field. 


*** THE END*** 


- BiL i.e., Force on a conductor in a magnetic field is maximum when it is 


. 01. 


Sol: 


02. 


Sol: 


03. 


04. 
Ans: 


05. 


Ans: 
06. 


Ans: 
07. 
Ans: 


(PROBLEMS||| - 


i if 
A bar magnet of length 0.1 m and with a magnetic moment of 5 Am’ is placed ae pasen 
magnetic field of intensity 0.4 T, with its axis making an angle of 60° with the fie! Pont 
the torque on the magnet ? Mar 14; SOLVED LEM 


> 3 
M=5 Am’, B-04T, 9=60°. <= MBsin0=5x04sin6o=2{ E) =1.78 Nm. 


.4 G. Estimate the earth's dipole 
AP Sep 21; EXAMPLE PROBLEM 


4 


The earth’s magnetic field at the equator is approximately 0. 


moment. 
. 3 3 
The equatorial magnetic field is B, = HM >M JBim. 
e Anr Ho 


, We are given that B, =0.4G=4x10°T. For ‘r’, we.take the radius of the earth as 6.4x10°m. 


5 93 ; 
4x10 ieee ) = 4x10? x 262,14 x 105 => M = 1048.5x10% =1.05x10"Am?. 
nx 


This is close to the value 8x10” Am’ quoted in geomagnetic texts. 

|| VERY SHORT ANSWER QUESTIONS (2: MARKS) || 
A magnetic dipole placed in a magnetic field experiences a net force. What can you say 
about the nature of the magnetic field ? 
When a magnet is suspended in uniform magnetic field, then the two poles experience same 
magnitude of force but in opposite direction. Net force acting on the magnet is zero. 
E,-m(B-B)-0  (:B-B) ; 
When a magnet is suspended in non-uniform magnetic field, then net force exists 
Fret =m(B, ~ B,)~ C: B, #B,) à 
So the nature of the magnetic field is non uniform magnetic field. 
What is the magnetic moment associated with a solenoid ? TS Mar 18, 20 
The magnitude of the magnetic moment of the solenoid is 1 
M =Total number of turns x Current x Cross-sectional area 


Hence, M- 


M=NiA =Ninr® (r=radius, N= Total number of turns) . 


Magnetic lines form continuous closed loops. Why ? 
‘ AP Mar 16, 19, May 18; TS Mar 17, May 18 


Since, isolated magnetic poles do not exist, magnetic lines forms continuous closed loops 


` State Gauss's law in magnetism. TS Mar 19 


The net magnetic flux through any closed surface is always equal to ‘zero’, i.e. [8-48 =0. 
Define magnetic declination. Mar 14; AP May 16, 17, Mar 18; TS May 16, 17, 18, Mar 18, 20 
Magnetic declination (6): At a given place, the angle between geographical meridian and 
magnetic meridian of earth is called as magnetic declination (0). 
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08. 
Ans: 


09. 
Ans: 


10. 


Ans: 


13. 
Ans: 


M. 


Ans: 


16. 


Ans: 


Define magnetic inclination (or) angle of dip. _AP Mar 15, 17, 20; TS Mar 15 

The angle of dip (8) at a place is defined as the angle made by the direction of earth’s magnetic 

field with the horizontal direction in magnetic meridian, $ CM 

What happens to compass needle at the Earth's poles ? May 14; TS Mar 17, 19 

Compass needle does not work at magnetic poles of the earth because, at poles horizontal 

component of earth's magnetic field is zero. Le., B, 20 

: : , . 2 

To what direction, compass needle points at poles ? Which needle is to be used at poles. ` 

TS Mar 19 


Compass.needle can points to any direction, since horizontal component of earth's field is 
negligible near poles. * 


What do you understand by the “magnetisation” of sample ? AP Mar 16 ` 
When a magnetic material is magnetised, the induced magnetic dipole moment per unit volume 


* is known as intensity of magnetisation. i.e., 1M, unit: Am". 
: V $ 


What are the S.I units of magnetic moment, magnetic induction and magnetic field ? 
3 TS Mar 16; AP Mar 16, May 16, 17 

3) Magnetic moment (M): A-m? 
ii) Magnetic induction (B ON al Wb 

(B) re (or) Am? (D mi (9D tesla (T) 
iii) Magnetic field (H): A /m. ` : E 
Define magnetic susceptibility of a material. AP Mar 15 
Magnetic susceptibility (x): The ratio of magnitude of intensity of magnetisation to that of 
magnetising field is called magnetic susceptibility. i.e., X =i. 
It is a scalar with no units and dimensions. 


Classify the following materials with regard to magnetism: : 
t AP Mar 15, 16, 17, 18, 19, 20; TS Mar 15, 16 


i) Manganese ii) Cobalt iii) Nickel iv) Bismuth 
v) Oxygen vi) Copper " 
4) Manganese: Paramagnetic material ii) Cobalt: Ferromagnetic material 
iii) Nickel: Ferromagnetic material iv) Bismuth: Diamagnetic material 
v) Oxygen: Paramagnetic material vi) Copper: Diamagnetic material 


The earth's magnetic field at the equator is approximately 0.4 G, Estimate the earth's dipole 
^ AP Sep 21; EXAMPLE PROBLEM 


moment. 
" uM Bi4nr? 
The equatorial magnetic field is B, = aD >M s 


We are given that B, =0.4G=4x 105T. For ‘t’, we take the radius of-the earth as 6.4x10°m. 


Ax10* xd (6.4 x10°Y" _ 4 192 262.1410!" = M=1048.5% 10% = 1.05% 10 Am? , 
47x107 

This is close to the value 8x10” Am’ quoted in geomagnetic texts. 

In the magnetic meridian of a certain place, the horizontal component of the earth’s magnetic 

field is 0.26 G and the dip angle is 60° . What is the magnetic field of the earth at this location. 

i EXAMPLE PROBLEM 

H, __0.26 


He B 
It is given that H; 20.26 G, we have cos60° TRO ^ Bg - EU 70/5 -0.52G. 


Hence, M- 


*** THE END*** 
"D. 
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i Ans: 


02. 


Ans: 


. Electromagnetic 
= Induction = 
ANSWER (4 MARKS) || 


Obtain an expression for the emf induced across a conductor which is moved in a uniform 
magnetic field which is perpendicular to the plane of motion. TS May 16 
Consider a rectangular conductor PQRS in which PQ is free to move. It is placed perpendicular 


to a uniform magnetic field of induction 'B'. 


XXSX XX XX 
KOK 


oS 


xx 
Oe 


xxx xXx x 


XX X&x3 


The rod PQ is moved towards left with a constant velocity ‘v’. Rectangular conductor PQRS 
forms a closed circuit enclosing an area that changes with time as PQ moves. 


The magnetic flux $, enclosed by the loop PQRS is given by $, =BAcos0° = B(/x) 


The rate of change of the flux , will induce an emf across conductor PQ is given by 


dj, d T ong a = [ z ] 
a qi (BA > = Bla) > e-Btv "dt 
This induced e.m.f is called motional emf. 


Describe the ways in which eddy currents are used to advantage.. 
AP Mar 15, 16, 17, 18, 19, May 16, 17, 18; TS Mar 15, 18, May 17 


) Magnetic braking in trains: In some electrically powered trains, a metal drum coupled with 
the wheel of the train which rotates as train is running. In order to apply the brakes, a strong 
magnetic field is applied across the drum. The eddy currents produced in the drum oppose 
the motion of the wheel and train stops. 

2) Electro magnetic damping: Certain galvanometers have a fixed core made of nonmagnetic 
metallic material. When the coil oscillates, the eddy currents generated in the core oppose 
the motion and bring the coil to rest quickly. 

3) Induction furnace: Induction furnace can be used to produce high temperatures and can 
be utilised to prepare alloys by melting the constituent metals. A high frequency alternating 
current is passed through a coil which surrounds the metals to be melted. The eddy currents 
generated in the metals produce high temperatures sufficient to melt it. 

4) Electric power meters: The shiny metal disc in the electric power meter (analogue type) 
rotates due to the eddy currents. Electric currents are induced in the disc by magnetic fields 
produced by sinusoidally varying currents in a coil. 

5) Eddy currents are used in speedometers of an automobiles. 

6) Eddy currents are used in diathermy, that is the deep heat treatment of humanbody, 


E ar. 


sr INTER PHYSICS © @ ELECTROMAGNETIC INDUCTION 
03. Obtain an expression for the mutual inductance of two long coaxial solenoids. AP Mar 20 


Ans: Consider two long air-cored solenoids S, and S, such that the solenoid S, surrounds the 
solenoid S, completely. Both solenoids are of same length ‘¢’ and same cross-sectional area 
A. Let n, and n, be the no. of turns per unlit length of two solenoids S, and S, respectively. Let 


N, and N, be the total'number of turns of solenoids S, and S, respectively. 


If a current i, is passed through the solenoid S,, then the flux linkage with solenoid S, is 


N,$, = Mai, , where M,, is the mutual inductance of solenoid S, with respect to S,. 

= N,(B,Acos0°) = M,,i, (+ where B, is magnetic field induction due to inner solenoid. S 

= n,uijni;A) = Mj; > nnn At 2 M, — (1) 

Similarly, if a current i, is passed through the solenoid S,, then the flux linkage with solenoid 
© Sy is Ni; = Moiz, where M, is the mutual inductance of solenoid S, with respect to S,. 

=> N, CB, A cost?) =M,i, C^ where B, is magnetic field induction due to outer solenoid S,) 

= fC pon,i, A) = Mpi; 2 unn A = M; —— (2) 

From equations (1) and (2), Mj; =M, = M 


If a medium of relative permeability t had been present, then the mutual inductance is given 
by M 2 nyi,njn;A£ = pop, n nnr? e. 


F3 


Obtain an expression for the magnetic energy stored in a solenoid in terms of the magnetic 
field, area and length of the solenoid. TS Mar 20 


Ans: The self-induced emí in a coil opposes any change in.the current in a circuit. So, work needed 


to be done against the emf (e) in establishing the current. This work done is stored as magnetic 
potential energy. For the current I at an instant in a circuit, the rate of work done is given by 


dW dW ,,di ( a? E 
fea ei e-L— | => dW -Lidi, 
ar ap at dt 


z L 
Total amount of work done in establishing the current ‘i’ is, W = [aw = fuidi. 
D 0 


1 " 2 
Hence, the energy stored in a solenoid is given by U = nn SU (E C- B= pni) 


Bon; 


2 
1 2 B “L= un? -lg 
D —| € Hon“ Af) => BAe. 
EI i ) = Ho 2n, 


——— ` - 


Sr. INTER PHYSICS e = emer. 
|| [PROBLEMS ||| 
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Sol: 


06. 


Sol: 


07. 


Sol: 


08. 
Ans: 
09. 
Ans: 


10. 
Ans: 


E ELECTROMAGNETIC INDUCTION 


V induced 
Current in a circuit falls from 5.0A to 0.0 A in 0.1 s. If an average ede A SE RD 
as estimate of the self-inductance of the circuit. 14; TS Mar E 
, =], -I, 25A, time tak 
Initial current, I, =5.0A, final current, I, =0.0A, change in current, dl «1, -lz 5A oon 


for the change, t=0,1s, average emf, e 2200 V. 


For self-inductance (L) of the coll, we have the relation for average emf as e= uae 


e .200.- 
"(di/d) "5/01 7 4H, Hence, the self induction of the coil is 4H. 
A pair of adjacent coils has a mutual inductance of 1.5 H. If the current in one coil changes 


from 0 to 20A in 0,5s, what is the change of flux linkage with the other coll ? 
TS Mar 17, May 18; EXERCISE PROBLEM 


Mutual inductance of a pair of'coils, M=1.5H, initial current, I, 20A , 
final current, I, 220A, change in current, dl 1, 1, =20-0=20A- 


Time taken for the charge, t 20.5 s. 


Induced emf, ex — — (1) , where dé is the change in the flux linkage with the coil. 


de o Q) 


emf is related with mutual inductance as e= Mi 


Equating equations (1) and (2), we get 4 =M E: => d$-15x(20) 2 30 Wb. 


Hence, the change in the flux linkage is 30 Wb. 


The current in a coil changes from 5A to 10A in 107 sec then the emf of 50 milli volts is 
induced in a coil near it. Calculate the mutual inductance of a coil ? 


: Change in current dl=10-5=5A. Time interval dt 2 10*sec. 


di £ 
= m2- s0x10 : = MxF =50%10° =M=10"H 


. (2 MARKS) || 


TS June 15, Mar 19 


Induced emf € 


|| VERY SHORT ANSWER QUESTIO 


State Lenz's law. 
The direction of the induced emf in a coil is such that it opposes the cause which produces it. 
What are Eddy currents ? AP June 15, TS Mar 19 
The induced circulating currents produced in a metal due to change in magnetic flux linked 
with the metal are called eddy currents. These currents look like ‘eddies’ in a fluid and are 
known as eddy currents. 


Define Inductance ? AP & TS June 15 
Inductance of a coil is the ratio of the flux linked with the coil to current flowing through the 


No 


coil. i.e., L-T 
*** THE END *** 


Ans: 


03. 


Ans: 


Il [VERY SHORT ANSWER’ OUESHONSTOARES III 
Write the expression for the reactance of I) an Inductor and il) a capacitor. 


TS May 16, Mar 18 
i) Inductive reactance, X, -oL. 


$ 1 
i) Capacitive reactance, X, 7c: Where w= angular frequency, L - inductance, C - capacity. 


What is the phase difference between AC emf and current in the following: Pure resistor, 
pure inductor and pure capacitor. TS Mar 15 


In a pure resistor, there is no phase difference (or phase difference is zero). ` 


In a pure inductor, the current lags behind the emf by a phase difference of Z radian or 90° (or 
one quarter cycle). 


In a pure capacitor, the current leads the emf by a phase difference of radian or 90° (or one 


quarter cycle). 
When does an LCR series circuit have minimum impedance ? 


When the inductive reactance is equal to the capacitive reactance (x, = x,), the impedance of 
LCR circuit becomes minimum. 


Z= JR’ +(x, =x.) if x, =x.) Z-R. 
Define power factor. On which factors does power factor depend ? 


It is defined as the ratio of true power to the apparent power of an AC. circuit it is equal to 
cosine of the phase angle between alternating current and voltage. 


... True power » Pug 
Apparent power — V, “lms 


cos 


Power factor depends on RMS voltage, RMS current and average poWer. 
What is the phase difference between voltage and current when the power factor in LCR 
series circuit is unity ? 
Power factor, cos -1— =0. i.e., phase difference between voltage and current is 0°. 
What is meant by wattless component of current ? TS Mar 17 
Wattless current: The current in an AC. circuit is wattless if average power consumed in the 
circuit is zero. 
What is the phenomenon involved in the working of a transformer ? 

Mar 14; TS Mar 19; AP June 15, Mar 16, May 16, 17, 18 
A transformer works on the phenomenon of mutual induction between two coils. 
What is transformer ratio ? AP Mar 20; TS May 18 


It is the ratio of number of turns in the secondary (N,) winding to the number of turns in the 


Primary (N,) winding. Transformer ratio NS 
^ P 


* 15 


© ALTERNATING CURRENT 


Sr. INTER PHYSICS © 
. AP Mar 17 


09, 


' Ans: 


10. 


What type of transformer is used in a 6V bed lamp ? 
Step down transformer. : 


A transformer converts 200 V ac into 2000 V AC. Calculate the number of turns in the 
secondary if the primary has 10 turns. AP Mar 18, 19; TS Mar 16 
E N, _ 2000 10. 


E, =200V, N, 210, E, -2000 V, N, =?. nz EE = 
P p= s s E, Ny 7 Ns Ee 200 


* AP Mar 20; TS May 18 


What is transformer ratio ? 
It is the ratio of number of turns in the secondary (N,) winding to the number of turns in the 


primary (N,) winding. Transformer ratio m 
P 


***THE END*** 


| Electromagnetic 


TAQ @ -0x8=0M 
SAQ () -0x4-0M 
VSAQ() -1x 2- 2M 
x 


. || VERY SHORT ANSWER QUESTIONS Q:MARKS) | 
01. The charging current for a capacitor is 0,6A. What is the displacement current across its 
plates ? : 1 AP Mar 20 
i 0.64. Since, conduction current outside the capacitor plates is equal to the 
displacement current between the capacitor plates. i.e. 


Ans: Given i, = 


lystly.« 
^. The displacement current i, =0.6A. 


s 


What is the principle of production of electromagnetic waves ? 
947 Anc charges radiate electromagnetic waves. 


What is the relation between the amplitude of the electric and magnetic fields in free space 
for an electromagnetic wave ? 


Ans: The amplitude of the electric and magnetic fields in an electro magnetic wave are related as 


p =E,/C (or) B-E/C. 
04 If the wavelength of electromagnetic radiation is doubled what happens to the energy of 
photon ? TS June 15, Mar 16 


Ans: The energy of photon p=, A222, pra 


the wavelength of electromagnetic radiation is doubled, the energy of photons is halved. 
0 What is the average wave length of x-rays ? ‘ 


Ans: /X-rays covers wavelength from 10m (10 nm) to 10m (10“nm) (or) 0.001 À to 100A. 


Give two uses of infrared rays ? May 14; AP Mar 16, 19; TS Mar 17 
Ans: 1) Earth satellites, 2) Both for military purpose and to observe growth of crops, 


3) Electronic devices 4) Physical therapy. 
07. Write any one of use of infrared rays. Which animal can detect infrared rays ? 


TS Mar 19; AP May 17, 18 
Ans: a) i) Infrared rays are used in earth Satellites, ii) To observe the growth of crops. 
b) Phythons, snakes and boars can detect the infrared rays. 
pe are microwaves produced * AP Mar 15 
Ans: Microwaves with frequencies in the Giga hertz range (GHz) are produced by special vacuum 
tubes called klystrons, magnetrons and gun diodes. 
- What are the applications of microwaves ? 
AP Mar 15, 17, 18, May 15, 16, 18, June 15; TS Mar 15, 17, 18, 20, May 18 
Ans; 1) Micro wave ovens, 2) Aircraft navigation, 3) Automobiles. 


10, fcrowaves are used in radars. Why ? Mar 14 
Oh to their short wavelengths, they are suitable for the radar systems used in aircraft navigation. 


***THE END*** 


T. 


01. 


Ans: 


What is the effect of i Intensity of liglit ii) Potential on photoelectric ci 
: d = wy P TS June 15, Mar 19 


urrent ? 


Effect of intensity on photoelectric current: 


1) According to Einsteins photo electric equation, one photon can emit one electron. 


2) With increase in intensity of incident radiation, the number of photons incident per second 


increases. 
3) As a result the number of electrons emitted per second also increases, hence the photon 


current increases. iI, 


< 


Photoelectric 
current 


o Intensity of light 


Fig. variation photoelectric current 
with intensity of light 


Effect of potential on photoelectric current: 


1) If the positive potential on collector electrode increases, the photo electric current also 
increases and reaches a maximum value called saturation current. 


current —— 


Photoelectric 


-Vo O Collecter plate 
7— Retarding potentia] —» 
potential 


2) If the negative potential on collector electrode increases, the photo electric current goes on 
decreasing. At a particular negative potential, the value of photo electric current becomes 
zero and is known as stopping potential. : 

3) Stopping potential does not depend on the intensity of incident light. On increasing intensity, 
the value of saturation current increases whereas the stopping potential remains unchanged. 


gr INTER PHYSICS © 


02. 


Sol: 


03. 


Sol: 


04. 


Sol: 


© DUAL NATURE OF RADIATION AND MATTER 
I|; PROBLEMS: |l 


The work function of caesium in 2.14 eV . Find 
a) the threshold frequency for caesium and 


b) the wavelength of the Incident light, if the photocurrent is brought to zero by a stopping 
potential of 0.60 V. AP Mar 16; EXAMPLE PROBLEM 
; 


a) For the cut-off or threshold frequency, the energy hv, of the incident radiation must be 


equal to work function 4,, so that 


$y hw = y, = 9 214 eV _ 214x16x1075J 
h 63x10 6.63 x10 
Thus, for frequencies less than this threshold frequency, no photoelectrons are ejected. 
b) Photocurrent reduces to zero, when maximum kinetic energy of the emitted photoelectrons 
equals the potential energy eV, by the retarding potential V,. Einstein's photoelectric 


i hc 34 d 
equation is eV, - hv- $, To => Ache/(e +4) = cee. 2m 10°) 


=5.16x10" Hz, 


a 19.89 x 10° = 19.89x105 
2.74 eV 2.74x1.6x107* 


=454 nm. 


The work function of Caesium metal is 2.14 eV . When light of frequency 6x10'* Hz is incident 


on the metal surface, photoemission of electrons occurs. What is the maximum speed of the 
emitted photoelectrons ? AP Mar 16; SOLVED PROBLEM 


Given, work function $, 22.14 eV, Frequency v=6x10" Hz 


1 2KE,. — [2x054x10? 3 
K.E max =F Vma So N i0 —0,344x10* ms? =344 km/sec. 


What is the de-Broglie wavelength associated with an electron, accelerated through a 
potential difference of 100 volts ? AP Mar 20, Sep 21; EXAMPLE PROBLEM 


S eno Fyn te eee, 
Acceleration potential V = 100 V. The de-Broglie wavelength A S = Jv nm - 0.1227 nm , 


The de-Broglie wavelength associated with an electron in this case is of the order of X-ray 
wavelength. g 


|| VERY SHORT ANSWER QUESTIONS (@/MARKS) | 


What are 'cathode rays' ? AP Mar 17 


A stream of fast moving negatively charged particles are called cathode rays. 
AP May 16, Mar 19; TS Mar 15, 17, 18 


What is ‘Work function’ ? 
min to eject the electrons from a photo metal is 


The minimum energy of incident photon required 
known as work function. It is denoted by 'Q'. $7 hv, 

What important fact did Millikan’s experiment establish ? 

Millikan’s experiment verifies the Einstein’s photo electric equation. 

What is ‘Photo electric effect’? May 14; AP Mar 15, 17, 18, 20; TS Mar 16, 18, May 17 
When a light of sufficient energy is made to incident on a photo metal, electrons are emitted. 
This phenomena is known as photo electric effect. 


—@->- 


€ DUAL NATURE OF RADIATION AND MATTER 


Sr. INTER PHYSICS © 16, Sep 21 
09. Give examples of ‘Photo sensitive substances’. Why they are called so? AP May 16, Sep 
Ans: Eg: Alkali metals such as lithium, sodium, potassium, cesium and rubidium. ; 
when 


r d 
They are called so because their work function is low-and they emit the photo electro! 
they are illuminated by visible light also. 


10, Write down Einstein's photo electric equation ? Mar 15, 19, May 17; TS May 16, 18 


1 
Einstein's photo electric equation hy = D+F MV mar " 


Ans: 


where qms. = maximum kinetic energy of photo.electrons, 


hv - photon energy, $ - work function (hv) of metal surface. 


n., Write down De Broglie's relation and explain the terms there in. 
i AP Mar 16, 18; TS Mar 16, 18, May 17 


h 


Ans: -The De Broglie wavelength associated with a material particle is given by (A) = D my 


Where m 2 mass of the particle, v =velocity of the particle, 


h=Planck’s constant, P=momentum of the particle. 
12, State Heisenberg's uncertainty principle. o8 
Ans: Statement: ‘It is not possible to measure both the position and momentum of an electron at th 
same time exactly’, 


Mar 14; TS Mar 17, 20 


h 
ie, Ax-Ap =o. ; where Ax = uncertainty in position, Ap = uncertainty in linear momentum. 


An electron, an a-particle and a proton have the same kinetic energy. Which of these 


13. 
particles has the shortest de Broglie wavelength ? EXAMPLE PROBLEM, TS Mar 15 


Ans: For a particle de Broglie wavelength, 4 =h/p, Kinetic energy, K=p’/2m ` 


Then, 1-h/ J2mK 

For the same kinetic energy 'K', the de-Broglie wavelength associated with particle is inversely 
proportional to the square root of their masses. A proton (iH) is 1836 times massive than an 
electron and an a -particle four times that of a proton. Hence, a -particle has the shortest de- 


Broglie wavelength. k 
14. What is the de-Broglie wavelength associated with an electron, accelerated through a 
potential difference of 100 volts? EXAMPLE PROBLEM; AP Mar 15, 20, Sep 21; TS May 16 


Ans: Acceleration potential V 2100 V. The de-Broglie wavelength 4 = n. E nm = 0.1227 nm. 
P p V 


The de-Broglie wavelength associated with an electron in this case is of the order of X-ray 
wavelength. 


***THE END*** 


02. 
Ans: 


03. 


|| SHORT ANSWER "QUESTIONS @IMARKS)||| 


What is impact parameter and angle of scattering ? How are they related to each other ? 


Impact parameter: It is the ce of the velocity vi 
perpe à 
m f pendicular distan: f locity vector of the œ- particle 


ucleus wh leus of the 
atom. It is denoted by ‘b’, when the aœ- particle is far away from the nucleus o! 


bf WA 
Incident beam —————, © Target nucleus y 
of a- particles 


a- particle scattering 


Angle of Scattering: It is the angle with which a-rays scatter when they are incident towards 
the nuclei. 


f * cot(0/2 

The relation between impact parameter and angle of scattering A 
Explain distance of closest approach and impact parameter. 

Distance of closest approach: It is the minimum distance from the centre of nucleus upto 


which an energetic c -particle travelling directly towards the nucleus can move during head 
on collision before coming to rest and retracing its path. It is denoted by n. 


(Ze)(2e) . e? 


CRUS NES 4ne gE yo jm! 


Impact parameter: It is perpendicular distance of the velocity vector of the q -particle from 


the centre of the nucleus when it is far away from the atom, 
Describe Rutherford atom model. What are the drawbacks of this model ? TS Mar 18 
Rutherford nuclear model of atom: 


1) Atom is spherical and mostly hollow. 


.2) The 4ve charge and the mass of the atom is concentrated in a small region at the centre of 


the atom called nucleus. 


3) The radius of nucleus is 10™ to 10m and the radius of atom is 10m 


4) The electrons present outside the nucleus (called extra nuclear part) are equal in number 
to protons inside the nucleus. 


5) Just as the planets revolve around the sun, the electrons revolve around the nucleus, 


_@ ATOMIC PHYSICS 


Sr. INTER PHYSICS © z ; 
6) The revolving electrons are under the influence of two forces. i.e., 
a) The centripetal force of attraction towards nucleus. torcós Beine carn) 
ri 
b) The centrifugal force directed away from the orbiting path. These Poata revive MA 
and opposite direction and balance each other and electrons continu 
orbit. q 


Drawbacks in Rutherford's model: 


1) According to Rutherford's model, if any charged particle moving under me wien 
oppositely charged particle then the particle loose energy continuously and c edo. 
and closer to the nucleus and finally falis into the nucleus. Then the atom shall collap: 
to the merging of electrons with the nucleus. But it has not happened. 


Atomic Spectra 


2) If electrons loose energy continuously, the atomic spectrum should have continuous bands. 
Instead of continuous bands, the lines are observed. 5 


3) It does not explain the electronic structure of the atom as to how the electrons are distributed 
around the nucleus and their energies. 


Derive an expression for potential energy and kinetic energy of an electron in any orbit of a 
hydrogen atom according to Bohr's atomic model. How does PE change with increasing ‘n’. 
TS Mar & June 15 . 


Ans: As per Bohr's atom model, electrons are reducing around the nucleus in certain permitted 


04. 


orbits. 
For electron to revolve in orbit, the electrostatic force and centrifugal force must be equal i.e., 
K-R. 

2 2 2 


.IDv^ 1'e', 2... -i 


= >mv’ = Y 
r drer? Ancor 


". Kinetic energy of electron KE = dm 
1 ee 1 e. 
Potential energy between electron and nucleus U =-—— .&'€ =- = (2) 
4ng&y r 4n& r 


-ve sign idicates force of attraction. 
Relation between potential energy and radius of orbit: 


D 2 * 
Potential energy y... ] e^ syet =) 
Anty r r 


n^h'g, 
nme? 


But, r- Le, ron? — (4) 


1 1 
From eq. (3) & (4), Potential energy Ue >Uc p 


+: Potential energy of orbit is inversly Proportional to square of number of orbit Qi. 


— 
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@ ATOMIC PHYSICS 
What are the limitations of Bohr's theory of hydrogen atom ? f 
Mar 14; AP Mar & May 17; TS May 17, 18, Mar 20 
ex atoms having more than one electrons.. 

ution of electrons in an atom. 

ave nature of electrons. 

ive intensity of spectral lines. 

tark effect. 

eory of atomic spectra. AP Mar 16 
tomic spectra: 


1) It could not explain the Spectra of compl 
2) It does not give'an idea about the distrib: 
3) This model could not account for the w; 
4) It does not give any idea about the relati 
5) It does not explain Zeeman effect and S 
State the basic postulates of Bohr's th 
Basic postulates of Bohr's theory of a 

h 
1) BN In an atom could revolve in certain stable orbits without the emission of radiant 
2) The electron revolves around the nucleus only in those orbits for which the angular 


is the Planck's constant (=6.6 x 10™ Js). 


Thus the angular momentum (L) of the orbiting electrons is ‘quantised, 


ie., L- —— ()) 
+ 2n 


momentum is integral multiple of a where ‘h’ 
T 


3) Electromagnetic radiations are emitted if an electron jumps from stationary orbit of higher 
energy level E, to another stationary orbit of lower energy level E,. 


hv - E, -E, (2) 


where E, and E, are the energies of lower and higher energy levels. 
Explain different types of spectral lines. : 
2 AP June 15, Mar 15, 19, May 16, 18; TS Mar & May 16 
There are the following series of spectral lines: 
Lyman series: It is the series in which the spectral lines correspond to the transition of dlectron 
from some higher energy states to the lower energy state n, 21. 


1 1 ', 
=Ry 2] where n =1,2,3,4.... 


This lies in UV region of spectra 


Balmer Series: It is the series in which spectral lines correspond to the transition of electron 
from some higher energy states to the lower energy state n, 22. 


T 
=r i H where n, = 34,5, 


. This lies in visible region of spectra. 


= 
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Pashen Series: It is the series in which spectral lines correspond the transiti 
from some higher energy states to the lower energy state n, -3. 

ENS 1.3 

v-er] wnere n =4,5,6,.... t 
This lies near IR region of spectra. 

Brackett Series: It is series obtained by the transition of electron from some higher energy 


states to the lower energy state n, =4. 
Log 
DESI where n, =5,6,7,.... This lies in the middle of IR region of spectra. 
i 


Pfund Series: It is the series obtained by the transition of electron from some higher energy 
state to the lower energy state n, =5. á 


— l. i 

v ee ER where n, 2 6,7,8,.... 

This lies farther from the IR region of spectra. 

Write a short note on De-Broglie's explanation of Bohr's second postulate of quantization. 
TS Mar 17 


According to Bohr's second postulate, the angular momentum of an electron orbiting around 
the nucleus is quantized. 


Louis de-Broglie argued that the electron in its circular orbit, as proposed by Bohr, must be 
seen as a particle wave. In analogy to waves travelling on a string, particle waves too can lead 
to standing waves under resonant conditions. We know that when a string is plucked, a vast 
number of wavelengths are excited. However only those wavelengths survive which have nodes 
at the ends and form a standing wave in the string. It means that in a string, standing waves are 
formed when the total distance travelled by a wave down the string and back is one wavelength, 
two wavelengths, or any integral number of wavelengths. Waves with other wavelengths interfere 
with themselves upon reflection and their amplitudes quickly drop to zero. For an electron 


moving in n" circular orbit of radius r,, the total distance is the circumference of the orbit, 


2nr, - 
Thus, 2nr, » nA, n=1,2,3,.... where 4, is the de Broglie wavelength of electron in n" orbit. 


If the speed of the electron is much less than the speed of light, the momentum is mv,- 


Thus A2 n. (1); From eq. (1), we have 2nr, = nn 
mv, mv, 


n 


n 
—mv-—- 
"WT. OK 


` This is the quantum condition proposed by Bohr for the angular momentum of the electron. 
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Sol: 
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The wavelength of first member of Balmer series is 6563A . Calculate the wavelength of second 
member of Lyman series, AP Mar 20; SOLVED PROBLEM 
For first member of Balmer series, ; ^ 


n; =2 and n; -3. 
ipli eiga m 

. =R &- | =R 4-1 | 5R 36 

“hy E «| iE ] 36 ^^^; — (D 


For second member of Lyman series, n, =1 and n, 23. 


1 ly 1| 8R 
oo =R|>-— -Rü-li|.8R 9 
x E žl a j- 9 COMER Q) 
i À; 9 5R 5 5 5 : 
Dividing (2) by (1), we get 2-5 ,2R_5 9, = 6563 À 210255 Å. 
y (D, weg M 8R 36 32 ^" 32^ 32" . 
The Lyman series of hydrogen spectrum lies in the ultraviolet region. Why ?. AP Mar 15 


The wave length of the spectral lines in Lyman series is less than 3900 A. So, the Lyman series 
lies in U.V. region. 


***THE END*** 
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— |'EONGANSWER QUESTIONS (8 MARKS) II 
: with 
Define mass defect and binding energy. How does binding energy per nucleon vary 
mass number. What is its significance ? : 
Mass defect: The difference between the total mass of all the nucleons of the nucleus and the 


actual mass of the nucleus is called the mass defect (Am). 
Consider a nucleus of mass number ‘A’ and atomic number ‘Z’. 


Let m, =the mass of each proton, Zm, =the total mass of protons, 
m, =the mass of each neutron, (A -Z)m, =the total mass of neutrons, 
my =the mass of the nucleus. 


<. Am - [Zm, * (A - Z)m,]- my 
Binding energy: The binding energy is defined as the energy released when protons and 
neutrons combine to form a nucleus" (or) ‘It is also defined as the energy required to break the 


nucleus into its constituent protons and neutrons'. 
Binding energy (AE) = Am-c’ (according to mass-energy relation), where ‘c’ is the velocity of 
light. 


Average binding energy or binding energy per nucleon: Binding energy of nucleus ZAE : 
Mass number A 


Variation of binding energy with mass number: The graph describes how the binding energy 
per nucleon varies with mass number A. à 


10 


Binding energy per nucleon (AE/A) 


50 100 150 200 250 
Binding energy per nucleon (AE/ A) versus the Mass number (A) 


> 


Salient features: . 
The binding energy per nucleon increases with an increase of mass number and reach dera 
maximum of 8.75 MeV for A =56 (Iron) and then decreases to 7.6 MeV for A=238 (Uranium). 


Iron has maximum value 8.75 MeV, hence it is the most stable element. 
The value of B.E per nucleon is close to the maximu 
mum value for the element, 
30«A «170. » opus 
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In the region of smaller mass number, 2He, ¿C and 0 have maximum B.E than those elements 


SLi, PB and !*N which are nearby. The ni 
than those of odd number of Protons, 
Let us consider three nuclei like uranium, helium 
7.6 MeV . Hence to attain greater stability uraniu 
This phenomenon is called nuclear fission, 


The lighter nuclei having low B.E 
greater stability. This is called nucl 


uclei having even number of protons are more stable 


and iron. Uranium has low B.E per nucleon as 
m breaks up into intermediate mass nucleus. 


per nucleon like hydrogen combine to form a helium for 
ear fusion. 


Iron has maximum B.E per nucleon ie, 


» 8.75 MeV is most stable and will undergo neither fission 
nor fusion, 
B.E per nucleon determines the stability of the nucleus. 


What is radioactivity ? State the law of radioactive decay. Show that radioactive decay is 
exponential in nature.. TS Mar 16, May 16, 18 


Radioactivity: The nuclei of certain elements disintegrate spontaneously by emitting alpha 
(9). beta (B) and gamma (y) rays. This phenomenon is called natural radioactivity. To attain 
stability, certain heavy nuclei exhibits natural radioactivity. ; 


E “(aN Es 
Radioactive decay law: The rate of radioactive decay eJ is directly proportional to the 


number of nuclei (N) present at that time. 
Consider a radioactive sample. Let initial number of nuclei = N, 


Number of nuclei remain at time ‘t’ is N. 


dN 
on dN tg LS ON cep 

dt dt 
where ‘1’ is the proportionality constant called decay constant or disintegration constant. 
The negative sign in the equation indicates the decrease in the number of nuclei with increase 
intime. ` 


dN 
~ —=-Adt —— (2) .. 
N e 


On integrating, log, N 2 -4t« C where 'C' is the integration constant. 


N 
Ny 
t 

o 
But, when "T. the number of nuclei present is Nj... log, N, =C 
The equation (3) becomes, 

At = log, Neat i Nee 

log, N = t + log, Ny = log, N log, N, = ~At = log, NC N, 


nNINeU (4) | 
This expression represents the radioactive decay law. This expressions shows that the 
radioactive sample decreases exponentially with time. 


This is constant for a given sample. 


-e- 
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Sr. WIR PHYSICS o— r with the help of a labelled diagram, 


. 03. Explain the principle and working of a nuclear reacto; 


Ans: Principle: A nuclear reactor is a device which works on the principl 


04. 


‘Ans: 


~ 19, 20, May 17 
5; TS Mar 15. 17, 18, 19, 
AP Mar 15, 16, 17, 18, 19, 20, May 16, 17, 18, June 15; - of controlled chain reaction, 
It is also called an 'atomic pile'. i aientloriaty, 
Figure shows the schematic diagram of a nuclear reactor. The core of the nucleai e 
place where nuclear fission process takes place. 


Coolant —»— 


Reflector. 


Steam to turbine 

Heat exchanger - 
(steam generator) 
Water from condenser 


Control rods —« Es 


— 


"The essential components of a nuclear reactor are 


1) Fuel, 2) Moderator, 3) Control rods, 4) Radiation shielding, 5) Coolant. 

T) Fuel: The fissionable materials used in the reactor is called nuclear fuel. The nuclear fuel is 
taken in the form of rods and sealed in aluminium cylinders. 
Eg: Enriched uranium, U?5, enriched plutonium or U?* etc. 

2) Moderator: Moderator is a substance which slows down the fast moving neutrons produced 
during the nuclear fission process. The average energy of neutrons released in the fission 
process is 2 MeV. They will slow down to thermal neutrons (0.025 eV) by moderator. 


Eg: Heavy water, graphite, hydrocarbon plastics etc. 

3) Control rods: The fission rate in the reactor is controlled by using the neutron absorbing 
materials. 

4) Shielding: During fission reaction, beta (B) and gamma (y) radiation are emitted along with 
neutrons. Suitable shielding such as steel, lead and concrete walls are provided around the 
reactor to absorb and reduce the intensity of radiation. 

5) Coolant: The heat generated in fuel elements is removed by using a suitable coolant to flow 
around them. The coolants used are water at high pressures, molten sodium etc. 

Working: Uranium fuel rods are placed in the aluminium cylinders, which are Separated by 
some distance. The graphite moderator is placed in between the fuel cylinders, 

The control rods are kept in the holes of the graphite block. When a few U-235 nuclei undergo 
fission, fast neutrons are liberated. 

These neutrons pass through graphite moderator and loose their energy to become thermal 
neutrons. These thermal neutrons participate in further fission process, 

By proper adjustment of the control rods in the core, the fission events are suitably controlled. 
The heat generated is used for heating the coolant. Heat is transferred to water and steam is 
produced. This steam is used to run the turbine. This turbine is used to drive a generator to 
produce electricity, 

Explain the source of stellar energy. Explain the carbon-nitrogen cycle and Proton-proton 

cycle occurring in stars ? ^ TS us 15 

The energy of the sun and the brightest stars is produced by nuclear fusion is called stellar 
energy. Sun and stars have been radiating huge amount of energy by nuclear fusion reactions 
taking place in core, where the temperature is of the order of 10' K. 

Carbon-Nitrogen cycle: According to Bethe-Weizsacker, the Carbon-Nitrogen cycle consists of 
a chain of nuclear reaction in which protons combine to form Helium, with the help of carbon 
and nitrogen as catalysts. 


-—— 
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© NUCLEAR PHYSICS 
The reactions are given below: j 


B C? >, NP +y-ray 


,N? — C? +, e? +v (neutrino) » 
1H! + C >, N ey — ray 

iH! ia N" >; o" *y-ray 

,05 — NS + e +v (neutrino) 

iH! +, NP 2, c? +, He! 


The net reaction is 4H! >, He! *3y2, 6 2v. 


The energy released during this process is 26.7 MeV . This cycle begins in stars at a temperature 
of about 2x10' K., 


Proton-Proton cycle: The fusion re 


action in the sun is a multi-step process in which the hydrogen 
is burned into helium. Ë 


; 
Thus, the fuel in the sun is the hydrogen in its core. e 


The proton-proton (p, p 
of reactións: 


) cycle by which fusion occurring is represented by the following sets 
1H +, H' >, H? +, e+ " sanp 
HH», He’ +y 

The above two reactions should take place twice so that the following reaction occurs 

He! +, He? >, He’ +, H'+,H'+Q. 

The net reaction is 4,H' > ,He' +2,,e" +2v +2y a 


The energy released during this process is 26.7 MeV . oa 


This is the source of energy release in stars called red-dwarfs. 


|| SHORT ANSWER QUESTIONS (4 MARKS) ||" 


Distinguish between nuclear fission and nuclear fusion. 


1) In this process, heavy nucleus is divided 
into two fragments along with few neutrons. 


2) In this process, neutrons are liberated. 


In this process, lighter nuclei will combine 
together to produce heavy nucleus. 


In this process, positrons are liberated. 


It takes place at high temperature and 
pressure. 


3) It takes place at ordinary temperature and 
pressure. 


4) Radio isotopes are released. No trace of radio isotopes. 


The principle involved in hydrogen bomb 


inci Ived in atom bomb is 
5) The principle involved in i MT 


fission. 
6) It can be controlled. 


It can't be controlled. 


7) The energy released per nucleon is The energy released per nucleon is 6.7 MeV. 
0.85 MeV. a ; Pa 
" d to Except fusing materials, no other particle 
p d poasit eatin isirequite is required to initiate this process. 
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Sol: 


08. 


Sol: 


09. 


Sol: 


10. 


Sol: 
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|. AP Mar 20; SOLVED PROB 
Compare the radii of two nuclei with mass numbers 27 & 64. AP Mar 2 LEM 


Let A, =27, A, =64, Bn? 


2 
A "ay. s" 3 : SR RS 73:4. 
A, 64 4 4 
j EXAMPLE PROBL! 
Calculate the energy equivalent of 1g of substance. p d 


We know Roc A! => Ri 1 


2 


Energy, E- mc? => E-10? x (3x109)*J 


—2Ez10?x9x10/5 29x10]. 
Thus, if one gram of matter is converted to energy, there is a release of an enormous amount 
of energy. è 


hal T 3 1 g of radium takes to reduce to 
Me "e of radium.is 1600 years. How much time does May 16, 18; SOLVED PROBLEM 
Ty; = 1600 M d. where n= number of half lives. 


0 


ee eee re ee ae Se 
100 2 ~ 8 2" 2 z 


Time of decay t =nT,, — t - 3x 1600 = 4800 years è 


If one microgram of $U is completely destroyed in an atom bomb, how much energy will 
AP Mar 19; SOLVED PROBLEM 


>n=3 


be released ? 

Mass (m) =1 u gm -105gm - 10?kg . 

Energy E mc? 210? x (3x10*)* 210? x9x10" 29x10! J. 

How much "*5U is consumed in a day in an atomic power house operating at 400 MW, provided 


P= 


the whole of mass "QU is converted into energy. SOLVED PROBLEM; AP Mar 11 
t= 86400 sec, P=400x10° W é : 
: Pt _ 4x10" x86400 _ 9.384 «10*kg = 0.384 gms. 


E mc = 
tU. eS Guy 


** THE END*** 
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Draw and explain the current-voltage (1. i 
yide ica ge (I-V) characteristic curves of a junction diode in forward 


Ans: Voltage-Current (V-I) Characteristics of a junction diode: 
Construct the circuit given below to study the (V-I) characteristics of a semiconductor diode 


01. 


R mA 
O 


fig. (a) 


A semiconductor diode is connected to a battery (B) through a rheostat (Rh) as shown in fig 
(a). i 

A milli ammeter (mA) is connected in series to the diode. It is used to measure current. A volt 
meter V is connected across the diode to measure the voltage (V). 


The diode is forward biased and by varying the voltage (V) across the diode, the corresponding 
current (T) is measured. : 


The polarity of the diode is reversed so that it gets reverse biased and milli ammeter (mA) is 
replaced with micro ammeter (uA). The voltage (V) across the diode is varied and the 
corresponding current is measured. 


A graph is drawn between voltage along X-axis and current along Y-axis to study diode V-I 
characteristics. 


Forward Bias: 
When the forward bias voltage V, is increased potential barrier decreases. Initially increase in 
current is negligible (region OA). 


Forward 
current in mA 


Reverse blas 
<«— in volts 
-8-1-6-5-4-3-2- 


+V 


0.2 0.4 0.6 0.8 
=— Forward blas >= 
-0. In volts 


fig (b) pan junction diode Characteristic curve ` 
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Š d 0. 
. Due to the potential barrier for a particular forward voltage V, (about 0.3 V for Ge and 0.7V for 


m E ieri iminated at thi 
15 Xİ), the current starts increasing significantly. The potential barrier is almost elimi this 
:„ voltage. i $ 


. This forward voltage V, is called threshold voltage or knee voltage. Its value.is same'as barrier 
ee potential Vg. 
When the voltage is increased beyond threshold voltage, the forward current increases 
exponentially (region AB) as shown in the below fig (b). 


zi. ‘Reverse Bias: When the diode is reverse biased, a.small current of the order of pA flows in the 


circuit due to minority charge carriers. This is known as reverse current. The reverse current 
is shown in figure. : 


^^! TAS the reverse voltage increased from zero after some voltage the reverse current quickly rises 
fiie tovits:maximum or saturation value. This region is named as breakdown region and this voltage 
is called breakdown voltage. Current in the reverse bias mode is called reverse saturation Current. 


02. Distinguish between zener breakdown and avalanche Breakdown. AP Mar 09 


à "s Zener break down Avalanche break down 
1)This occurs in heavily doped diodes. | This occurs in lightly doped diodes 
2) It occurs at low reverse bias voltage. | It occurs at high reverse bias voltage 


Ans: 
i 


,| 3) This occurs due to field emission. This occurs due to ionisaton by collision. 
_| 4) Its gives discontinuous and pulsative| It gives continuous and pulsative DC 
* DC output. output. 


03.. . Describe how a'semiconductor diode is used as a half wave rectifier. 


Mar 14; AP Mar 16; TS Mar 16, May 18 


Ans: Half wave rectifier: A rectifier which rectifies only either positive or negative half cycles of the 
AC input is called half wave rectifier. . 


Construction: A half wave rectifier can be constructed with a single diode ‘D’, load resistance 
R, , transformer and AC input as shown in figure. The DC output is obtained across the load 
resistance. R, . The circuit is as shown in figure. 


Working: The AC voltage across the secondary winding ‘AB’ changes polarity after every half 
cycle. s 


During positive half cycle the diode is forward biased and current flows through the diode. 
During the negative half cycle, the diode is reverse biased and current does not flow through it. 


Thus current flows through the diode only during positive half cycles. Current flows in R, only 
“r "fi one direction. 


Hence, a half wave rectifier gives discontinuous and pulsative DC output across the load 
resistance as shown in figure. 


AC = 
input © = 


Half wave rectifier 


0.406 R, 


The efficiency of half wave rectifier is y= 
4 +R, 


> 1; is diode forward resistance. 


— 
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0. What is rectification ? Explain the working of a full wave rectifier. js 
May 14; AP Mar 15, 18, May 17; TS Mar 15, 18, May 17 


s: Rectification: The process of " 
An rectification. converting an alternating current into a direct current is called 


Full wave rectifier: A rectifier which 
` rectifier. ] 


Construction: 


rectifies both half cycles of the ac input is called full wave 


A full wave rectifier cem be constructed with two diodes D, and D,, centre tap transformer, 
load resistance R, arid a.c input as shown in figure 


In centre tap transformer, the secondary coil is wound into two equal parts. Voltage at A (Input 


of diode D,) and B (input of diode D,) with respect to centre tap C are out of phase with 
respect to each other. if 


Working: 
During the positive half cycles of ac input, diode D, is forward biased and diode D; Is reverse 


biased. The diode D; will not conduct and the current flows through the load resistance R, is 
due to D,. 


Similarly, during negative half cycles of AC input; diode D, is forward biased and D, is reverse 


biased diode D, will not conduct and the current flows through the load resistance R, due to Dj. © 


Hence, current flows through the load resistance during both the half cycles and will be inthe ` 
same direction. : 


Therefore, using full wave rectifier, the output is continuous but pulsating as shown In figure. 


0.812R, 


The efficiency of the full wave rectifier is n= , % is diode forward resistance. 


R+RL 
05- Distinguish between half-wave and full-wave rectifiers. 


AP May 16, Mar 17, 19; TS Mar 18, 20, May 18 ` - 
Half wave rectifiers 


Full wave rectifiers 
1 f AC is Both cycles of AC are 
: been converted into DC. 
2) Only one diode is used. Two diodes are used. 


0.812R, 


0.406R,, , Its efficiency is n= 
+R, 


3) Its efficiency is n = 
Ans: It gives continuous and 


4) Its gi iscontinuous 
s gives disc pulsative DC output. 


and pulsative DC output. 


5) The number of DC output 
Pulses is equal to the 
frequency of AC input. 


The number of DC output 
pulses is equal to twice the 
frequency of AC input. 


06. 
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What is a photodiode ? Explain 
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its working with a circuit diagram and draw its Ly 


„characteristics. 


Ans: Photodiode: Photo diode is an optoelectronic device in which current carriers are generated 


07. 
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by photons through photo excitation. 


mA 


Reverse bias 
Volts 


L>} > >h 
fig. (b) 


Working: 
When visible light of energy greater than forbidden energy gap is incident on a reverse biased 
p-n junction photodiode, additional electron-hole pairs are created in the depletion layer (near 


the junction) 


: These charge carriers will be separated by the junction field and made to flow across the 


junction, creating a reverse current across the junction. 
' The value of reverse saturation current increases with the increase in the intensity of incident 
light. i 

V-I Characteristics of photodiode: V-I characteristics of photodiode is shown in figure. It is 
found that reverse saturation current through the photodiode varies almost linearly with the 
light flux. 

Uses: 

1) It is used in switching the light ON and OFF. 

2) It is used in demodulation in optical signals. 

Explain the working of LED and what are its advantages over conventional incandescent low 


power lamps. 


Light emitting diode (LED): 
It is a photoelectric device which converts electrical energy into light energy. 


It is a heavily doped p-n junction diode which under forward bias emits spontaneous radiation. 
The diode is covered with a transparent cover so that the emitted light may come out. 


Working: 
When p-n junction diode is forward biased, the movement of majority charge carriers takes 


place across the junction. 
The electrons move from n-side to p-side through the junction and holes move from p-side to 


n-side. P 
As a result of it, concentration of majority carriers increases rapidly at the junction. 

When there is no bias across the junction, there are excess minority carriers on either side of 
the junction, which recombine with majority carriers near the junction. 

On recombination of electrons and holes, the energy is given out in the form of heat and light. 
Advantages of LED's over incandescent lamp: 

1) LED is cheap and easy to handle. 

2) LED has less power and low operational voltage. 

3) LED has fast action and requires no warm up time. 

4) LED can be used in burglar alarm'system. 


sr. INTER PHYSICS @———-@ SEMICONDUCTOR ELECTRONICS, MATERIALS, DEVICES & SIMPLE CIRCUITS 
08. $ 


Ans: 


Explain the working of a solar cell and draw its I-V characteristics. 


Solar cell is a p-n junction device which converts solar energy into electric energy. 


Construction: 


It ea of a silicon (or) gallium-arsenic p-n junction diode packed in a can with glass window 
on top. 


The upper layer is of p-type semiconductor. It is very thin so that the incident light photons 
may easily reach the p-n junction, ` 


Working: 


When light (E = hv) falls at the junction, electron-hole pairs are generated near the junction. 


The electrons and holes produced move in opposite directions due to junction field. 


^ N M Light 


They will be collected at the two sides of the junction giving rise to a photo voltage between 
top and bottom metal electrodes. E 


Top metal acts as positive electrode and bottom metal acts as a negative electrode. 
When aan external load is connected across metal electrodes, a photo current flows. - 


LV Characteristics: I-V characteristics of solar cell is drawn in the fourth quadrant of the co- 
ordinate axes. Because it does not draw current. 


y. open circuit 
be, current 
` 


V 


x short circuit 

current 

Uses : They are used in calculators, wrist watches, artificial satellites etc. 

What is a Zener diode? Explain how it is used as voltage regulator ? TS May 16 


Zener Diode: A properly doped p-n junction diode which has sharp break down voltage when 
Operated in the reverse bias condition is called zener diode. 


: . Zener Diode as Voltage Regulator: A device used to give constant output voltage even when 


the input voltage changes is called voltage regulator or voltage stabilizers. Zener diode can be 
Used as voltage regulator, when operating in the breakdown region in reverse bias condition. 


©: 
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Input(V Output(Vour) 


Zener diode as voltage regulator 


d' resistance R 
Construction: The unregulated input voltage (V, ), series resistance R, e 3 L 
acro, s 
and zener diode are connected as shown in figure. Output voltage (V,) is taken ss Ry 
Working: 


nd the 
If the applied input voltage V,, » V, , then the zener diode is in breakdown condition a 
diode draws large current from the input through the series resistance ‘R’. 


If 'T is input current and 1; and I, are zener and load currents respectively, then I- I +I. 
MV =IR+Vz but V4, = V; 
© Vout = Vin IR S 


` The value of 'R' is selected in such a way that in the absence of load *R,', maximum safe 


current flows through the diode. ns 


If input voltage varies, the series resistance ‘R’ controls the output voltage fluctuations so as to 
inaintain constant voltage even if the load resistance R, varies. 


When the load resistance is increased but the applied input voltage (V4) is fixed, the current 


I, decreases and the current I, increases by an equal amount so that total current I remains 
constant. 


Hence, the output voltage remains constant. This'is the property of zener diode, which works 
as voltage regulator. 


Explain the operation of a NOT gate and give its truth table, TS June 15 


NOT Gate: The NOT gate is a device which has only one input and one output, 


The term NOT is represented by bar symbol (— 


) and the expression Q=A indicates that Q 
equals NOT A. ; 
When the input is low, the output is high and when the input is high, the output is low, 


The truth tables of NOT gate in terms of low and high, 0 and 1 are as given below: 


|___Truth table] 
[ Huh | Low | 


The circuit symbol used for the logic gate NOT is as shown in fig (a). 


o—[>e— 


fig. a NOT gate 


The circle on the vertex of the triangle represents inversion. 


gr. INTER PHYSICS 9 — — — 9 SEMICONDUCTOR ELECTRONICS, MATERIALS, DEVICES & SIMPLE CIRCUITS 
Define NAND and NOR gates. Give their truth table. 


Ans: NOR Gate: It consists of two input terminals and one output terminal. The output of a NOR 
gate is an inversion of the output of an OR gate. Y 


The truth tables of NOR gate is given below: 


June 15; Mar 20 ; TS Mar 17 


The logical function Shown by the truth table is written as A NOR B. The output, Q2 A «B. The 
symbol for NOR gate is shown in figure. 


OE) nes 


NOR gate in terms of OR gate is shown in figure. 


Q=A+B tle 
$ Q=A+B 
Therefore, NOR gate =OR gate + NOT gate. 


NAND Gate: It consists of two input terminals and one output terminal. The output of a NAND 
gate isan inversion of the output of an AND gate. 


The truth tables of NAND gate in terms of low and high, 0 and 1 are as given below: 


Truth table 


The logical function shown by the truth tables is written as A NAND B. The output Q= AB. The 
Symbol used for the logic gate is shown in fig (a). NAND 


gate in terms of AND gate is shown in 
fig (b). : 
i pA Q-XB 
B Q-AB B 
fig. (a) fig. (b) 


Hence, NAND gate = AND gate + NOT gate . 


Ex | 
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4 1 
12. What are intrinsic and extrinsic semiconductors ? AP Mar 15, dune 5, Fond 18 
Ans: Intrinsic semiconductors : Pure form of semiconductors are called intrinsic semiconductors, 


Extrinsic semiconductors : Semiconductors with the presence of the impur: ities are called 
extrinsic semiconductors. 


13. What is a p-type semiconductor ? What are the majority and minority charge carriers in it ? 
; i AP Mar 17; TS Mar 17, May 18 


Ans: p-type. semiconductor : When trivalent impurity is added to a pure semiconductor, then it is 
called p-type semiconductor R 
In p-type semiconductor majority charge carriers are holes and minority charge carriers are 
electrons. 
14. 


What is an n-type semiconductor ? What are the majority and minority charge carriers in it ? 


Ans: n-type semiconductor : When pentavalent impurity is added to.a pure semiconductor, then it 
is called n-type semiconductor. » 


In n-type semiconductor majority charge carriers are electrons and minority charge carriers 


are holes. 
15. What is a p-n junction diode ? Define depletion layer. TS May 16, Mar 19 
Ans: A semiconductor like silicon or germanium is doped such that one side of it becomes a p-type 
and the other side becomes n-type, we get a p-n junction diode. The plane separating the two 
regions is called p-n junction. : 
Depletion layer : The narrow region on either side of the junction which becomes free from 
mobile charge carriers is known as depletion layer. 
16. How is a battery connected to a junction diode in i) forward and ii) reverse bias ? 
AP May 12 
Ans: 


i) In forward bias, positive terminal of the battery is connected to 
is connected to n-region of p-n junction diode. 


ii) In reverse bias, the. positive terminal of the battery is con: 
terminal is connected to p-region of p-n junction diode. 


17. What happens to the width of the depletion layer in a p-n junction dio. 
i) forward biased and ii) reverse biased ? 


Ans: i) In forward bias the width of depletion layer decreases. 
ii) In reverse bias the width of depletion layer increases. 


p-region and negative terminal 
nected to n-region and negative 


de when it is 


18. -What is zener voltage (V,) and how will a zener diode be connected in circuits generally? 
Ans: When a zener diode is reverse biased, at a particular voltage the current increases suddenly. 
The voltage at which the current increases suddenly is called zener voltage (V). 
‘ A zener diode is always connected in reverse bias in a circuit. 
19. In which bias can a zener diode be used as voltage regulator? AP Mar 16, 20; TS June 15 
Ans: Zener diode can be used as a voltage regulator in reverse bias mode. 
20. "Draw the circuit symbols for p-n-p and n-p-n transistors. 
Mar 14; AP May 16, 17, Mar 18; TS Mar 16, 18, May 17 
Emitter Collector Emitter Collector _ 
Ans: 


p-n-p ^ n-p-n 


sr. INTER PHYSICS ©———— SEMICONDUCTOR ELECTRONICS, MATERIALS, DEVICES & SIMPLE CIRCUITS 
2Y/ Which gates are called universal gates ? : TS Mar 15, 20 


R gate and NAND gates are known as universal gates. 


Write the truth table of NAND gate. How does it differ from AND gate ? 


Ans: NAND gate = AND gate + NOT gate . 


Truth table of NAND gate 


The output of NAND gate is output of (AND gate + NOT gate). 


: n ***THE END*** 


TIONS (2; MARKS) || 


y d What are the basic blocks of a communication system ?. TS June 15 
Ans: The basic blocks of a communication system are 
1) Transmitter, 2) Communication channel, 3) Receiver. > 
AP Mar 20 


P Mention the frequency range of speech signals. 


Ans: Frequency range of speedjsignals is 300 Hz to 3100 Hz. 
03. „What is sky wave propagation ? AP June 15, May 16 


In the frequency range from a few MHz-upto about 30 MHz, long distance communication can 
be achieved by ionospheric reflection of radio waves back towards the earth. This mode of 
propagation is called sky wave propagation and it is used by short wave broadcast services. 


. Which type of communication is employed in mobile phones ? 
AP Mar 15, May 18; TS Mar 20 


Ans: Space wave communication is employed in mobile phones. x 
05 Mention the various parts of the ionosphere ?' TS May 16 


Ans: Various Parts of-the Ionosphere: The various parts of the ionosphere are 


1) D (Part of Stratosphere (65-70 km day only)), 

2) E (Part of Stratosphere (100 km day only)), 

3) F, (Part of Mesosphere (170 km - 190 km)), 

4) F, (Part of Thermosphere (300 km at night, 250—400 km during day time). 


06. Name an appropriate communication channel needed to send a signal of band-width 100 
kHz over a distance of 8 km. t CBSE 05 


Ans: axial cables. 
^ Define modulation. Why is it necessary ? 
Mar 14; AP Mar 16, 17, 18, May 17; TS Mar 15, 16, 19, May 17, 18 


Modulation: The process of combining low frequency audio signals with high frequency 


Ans: 
electromagnetic signals is called modulation. 


Necessity of Modulation: 
1) Low frequencies cannot be transmitted to long distances. 


2) To limit the size of antenna. 
3) Power radiated by antenna is less with low frequency. 


4) To avoid mixing of signals from different transmitters. 


m—— 


sr. INTEBPHYSICS © € COMMUNICATION SYSTEM 
/ Mention the basic methods of modulation ? 


AP Mar 16, 19; TS Mar 15, 17, 18 
Ans: D Amplitude modulation (AM); In this method, the amplitude of carrier wave is varied in 
accordance with the modulating signal, keepingthe frequency and phase of carrier wave constant. 


2) Frequency modulation (FM): In this method, frequency of carrier wave is varied in accordance 
with the modulating signal keeping the amplitude and phase of the carrier wave constant. 


3) Phase modulation (PM): In this method, phase of carrier wave is varied in accordance with 
the modulating signal keeping the amplitude and frequency of the carrier wave constant. 


ie Sat is ‘World Wide Web’ (WWW) ? 


Ans: Itis an encyclopedia of knowledge accessible to everyone round the clock throughout the year. 


***THE END*** 
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@ Answer all questions of Section-A. Answer any six questions of SERHOD B q 


tions of Section-C. 2 A Each questi 
x inswer type. Each question 
(ii) In section-A, questions from Sr.No. 1 to 10 are of very short ài all thesé questions at one 


carries two marks. Every answer may be limited to 5 lines. Answer 


place in the same order. estion carri 
ii) In section-B, questions from Sr.No. 11 to 18 are of short answer type. Each qu les 


= four marks, Every answer may be limited to 10 lines. diam 
(iv) In section-C, questions from Sr.No. 19 to 21 are of long answer type. Each questio: rries 


eight marks, Every answer may be limited to 40 lines. c 
@) Draw labelled diagrams, wherever necessary for questions in section-B and C. 


SECTION-A 
I. Answer ALL the following VSAQs: 
01. What is myopia ? How can it be corrected ? 
02. What is the importance of Oersted’s experiment ? 
03. What are the S.I units of magnetic moment, magnetic induction and magnetic field ? 
04. Define magnetic inclination or angle of dip. 
05. Whatis the phenomenon involved in the working of a transformer? 
06. If the wavelength of electromagnetic radiation is doubled, what happens to the energy of photon ? 
07. Whatis work function ? 
08. ‘What is work function ?' 
09. Which gates are called universal gates ? , 
10. Which type of communication is employed in Mobile Phones ? 


SECTION-B : 


10x2220 


Il. Answer any SIX of the following SAQs: 6x4=24 

11. Explain the formation of a rainbow. [ 

12. Explain Doppler effect in light. Distinguish between red.shift and blue shift. 

13. Derive the equation for the couple acting on an electric dipole in a uniform electric field. 

14. Derive the formula for equivalent capacitance when the capacitors are in series, 

15. State & explain Biot-Savart law. i 

16, Obtain an expression for the mutual inductance of two long coaxial solenoids 

17. Write a short note on deBroglie's explanation of Bohr's second postulate of quantization. 

18. Explain the working of LED and what are its advantages over conventional incandescent low 
power lamps. 


SECTION-C 


Ill. Answer any TWO of the following LAQs: s 2x8=16 

19. Explain the formation of stationary waves in an air column enclosed in open pipe, Derive the 
equations for the frequencies of the harmonics produced. 

20. State the working principle of potentiometer. Explain with the help of circuit diagram how the 
potentiometer is used to determine the internal resistance of the given primary cell 


21. Explain the principle and working of a nuclear reactor with the help of a labelled diagram 


kerese 
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Note: Read the following instructions carefully, Max. Marks: 60 
Answer all quest T 
o tions of MT of Section-A, Answer any six questions of Section-B and any two ques- 


In section-A, 
ap splines a ] tad Brees Sr.No, ate 10 are of very short answer type. Each question 
wo mi ^ answer ma: 
place In the same order ay be limited to 5 lines, Answer all these questions at one 


(iii) In section-B, questions from Sr.No. 11 to 18 are of short 
four marks, Every answer may be limited to 10 lines. 


dv) gag questions from Sr.No. 19 to 21 are of long answer type. Each question carries 
eight marks. Every answer may be limited to 40 lines. 


(9) Draw labelled diagrams, wherever necessary for questions in section-B and C. 


SECTION-A 


answer type. Each question carries 


I Answer ALL the following VSAQs: 


What is optical density and how is it different from mass density ? 


How do you convert a moving coil galvanometer into an ammeter ? 
03. . Define magnetic declination, 


10x2-20 


04. What is the magnetic moment associated with a solenoid ? 


What is the phase difference between AC emf and AC current in the following: Pure resistor, 
pure inductor and pure capacitor. 


06. Give two uses of infrared rays. 

07. What are cathode rays ? 

08. Write down deBroglie's relation and explain the terms therein. 
09. Draw the circuit symbols for p-n-p and n-p-n transistors. 

10. Define modulation. Why is it necessary ? 


SECTION-B 
Il. Answer any SIX of the following SAQs: i 6x4=24 
1l. Define critical angle. Explain total internal reflection using a neat diagram. 
12. Explain Doppler effect in light. Distinguish between red shift and blue shift. 
13. Define intensity of electric field at a point. Derive an expression for the intensity due to a point 
charge. ^ ; 
M. Explain the behaviour of dielectrics in a n external field. 
15. Find the magnetic induction due to a long current carrying conductor. 
16. Describe the ways in which Eddy currents are used to advantage. 
17. Describe Rutherford atom model. What are the draw backs of this model ? 
18. Distinguish between Half wave rectifier and full wave rectifier. 


SECTION-C 


2x8=16 
Il. Answer any TWO of the following LAQs: 
; a) How are stationary waves formed in closed pipes ? Explain the various modes of vibration 
and obtain relations for their frequencies. à; : 
b) A closed organ pipe 70 cm long is sounded. If the velocity of sound is 331 ms", what is the 
a? 

fundam; 1 frequency of vibration of the air column ? ; e 
20. State e orina principle of potentiometer. Papan with he oe Sour ea. how the 

D i tance of the ; 

Pote is used to determine the internal resis 

Beckie principle and working of a nuclear reactor with the help of a labelled diagram. 


de d e d : 
Ie: 


21. 
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Note: Read the following instructions carefully. j ; E CIO ea e 
; () Answer all Me tris of Section-A. Answer any six questions’of Section: B an y q 
, tions of Section-C. be. Each question 
(i) In section-A, questions from Sr.No. 1 to 10 are of very short reri ea A Mar 
carries two marks. Every answer may be limited to 5 lines. Answer a l 
place in the same order. i 
(iii) In section-B, questions from Sr.No. 11 to 18 are of short answe 
four marks. Every answer may be limited to 10 lines. 
Gv) In section-C, questions from Sr.No. 19 to 21 are of long answer type. Each question carries 
eight marks. Every answer may be limited to 40 lines. A TT 
() Draw labelled diagrams, wherever necessary for questions in section- . 


SECTION-A 
‘ 7 j 10x 2=20 


type. Each question carries 


L Answer ALL the following VSAQs: 
01. What is hypermetropia ? How can it be corrected ? i 
02. Distinguish between ammeter and voltmeter. " s 
03. Magnetic lines form continuous closed loops. Why ? 
04. Magnetic lines form continuous closed loops. Why ? 
05. What is transformer ratio ? 
06. What are applications of microwaves ? 
07. Write down deBroglie's relation and explain the terms therein. 
08. Write down Einstein's photoelectric equation. 
09. In which bias can a Zener diode be used as voltage regulator ? 
10. What are the basic blocks of a communication system ? 


SECTION-B 


Il. Answer any SIX of the following SAQs: 

ll. Explain the formation of a mirage. 

12. How do you determine the resolving power of your eye ? 

13. State and explain Coulomb's law in electricity. : 

M. Derive the formula for equivalent capacitance when the capacitors are in parallel. 


15. Derive an ex; i ici i 
pression for the magnetic induction at the centre of a current i i i 
E ne nt carrying circular coil 


16. Obtain an expression fo i 
r the magnetic energy stored in a solenoid i i 
field, area and length of the solenoid. T eek i al 


E What are the limitations of Bohr's theory of hydrogen atom ? 
- Define NAND and NOR gates. Give their truth tables. 


SECTION-C 
MIL” Answer any TWO of the following LAQs: à 2x8= 16 


6x4=24 


19. What i 
at is Doppler effect ? Obtain an expression for the apparent frequency of sound heard when 
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20. 


21. 


Answer all 
@ si a mie of Section-A. Answer any six questions of Section-B and any two ques- 


aD ire sii td from Sr.No. 1 to 10 are of very short answer type. Each question 
a s arks. Every answer may be limited to 5 lines. Answer all these questions at one 
place in the same order. 


(iii) In Sections, questions from Sr.No. 11 to 18 are of short answer type. Each question carries 
four marks. Every answer may be limited to 10 lines. 


(v) In section-C, questions from Sr.No, 19 to 21 are of long answer type. Each question carries 
eight marks. Every answer. may be limited to 40 lines. 


(v) Draw labelled diagrams, wherever necessary for questions in section-B and C. 
SECTION-A 
Answer ALL the following VSAQs: ` 


, 10x2- 20. 
Define focal length and radius of curvature of a concave lens. 


What is the principle of a moving coil galvanometer ? 
What is the magnetic moment associated with a solenoid ? 
Define Magnetic susceptibility. Mention its unit. i 


Atransformer converts 200 V AC into 2000 V AC. Calculate the number of turns in the secondary 
if the primary has 10 turns. 

The charging current for a capacitor is 0.6 A. What is the displacement current across its plates ? 
Give examples of photosensitive substances. Why are they called so ? 

State Heisenberg's Uncertainty Principle. 

What are intrinsic and extrinsic semiconductors ? 

Mention the basic methods of modulation. 


SECTION-B 
Answer any SIX of the following SAQs: 


Why does the setting sun appear red ? 
Derive the expression for the intensity at a point where interference of light occurs. Arrive at 
the conditions for maximum and zero intensity. . 
Derive an expression for the intensity of the electric field at a point on the axial plane of an 
electric dipole. . 
Derive an expression for the capacitance of a parallel plate capacitor. 
State and explain Ampere's law. 
Obtain an expression for the emí induced across a conductor which is moved in a uniform 
magnetic field which is perpendicular to the plane of motion, 

Derive an expression for potential and kinetic energy of an electron in any orbit of a hydrogen 
atom according to Bohr's atomic model. 

Describe how a semiconductor diode is used as a half wave rectifier. 

SECTION-C 

Answer any TWO of the following LAQs: ' 2x8=16 
Explain the formation of stationary waves in stretched strings and hence deduce-the laws of 
transverse waves in stretched strings. 

State Kirchoff’s law for an electrical network. Using these laws deduce the condition for balance 


in a Wheatstone bridge. ' 
Explain the principle and working of a nuclear reactor with the help of a labelled diagram. 


we 


6x4-24 
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SECTION-A 10 x 2= 29 


swer type. Each question carries 


I. Answer ALL the following VSAQs: 
01. Define 'power' of a convex lens. What is its unit ? 
02. How do you convert a moving coil galvanometer into a voltmeter ? 
03. . Define magnetic inclination or angle of dip. 
04. Classify the following materials with regard to magnetism. 

Manganese, Cobalt, Nickel, Bismuth, Oxygen, Copper 

05. Write the expression for the reactance of (i) an inductor (ii) a capacitor. 
06. Microwaves are used in Radars. Why ? 


07. What is photoelectric effect ? 
Write down deBroglie's relation and explain the terms, therein. ? 
What is a p-type semiconductor ? What are the majority and minority charge carriers in it ? 


10. What is sky wave propagation ? ! 
SECTION-B 


Il. . Answer any SIX of the following SAQs: 

11. With a neat labelled diagram explain the formation of image in a simple microscope. 

12. Does the principle of conservation of energy hold for interference and diffraction phenomena ? 
Explain briefly. ` 

13. State Gauss'law in electrostatics and explain its importance. 

14. Derive an expression for the electric potential due to a point charge. 

15. Derive an expression for the magnetic dipole moment of a revolving electron. 

16. Describe the ways in which Eddy currents are used to advantage. 

17. Explain the different types of spectral series of Hydrogen atom. 

18. What is rectification ? Explain the working of a full wave rectifier. 


SECTION.C 


II. Answer any TWO of the following LAQs: ^— 2x8-16 


19. (a) iln the formation of stationary waves in an air column enclosed in open pipe. Derive 
e equations for the frequencies of the harmonics produced. : 


6x4=24 


20.. State Kirchoff's law fo: i i 
in a Wheatstone bridg a electrical network. Using these laws deduce the condition for balance 
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